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rinciples 


In pulverized fuel firing, uniform fine- 
ness is required for uniform furnace 
conditions. 

There is a definite relationship be- 
tween the fineness of the coal particles 
and furnace efficiency. 

This relationship is not a hobby, an 
opinion, or a sales argument—it’s a 
proven fact. 

Up goes the size of the coal particles. 

Down goes the furnace efficiency. 

The primary function of a pulverizing 
mill is to deliver the required quantity 
of coal of proper fineness at all ratings 
— regardless of the life of the mill or the 
wear on the hammers. 

The overall performance depends 
on the inherent correctness of overall 
design. 

The Lopulco air swept classifier is a positive as- 
surance of properly sized coal as only the finer 
particles CAN leave the classifier —the coarser 
coal is automatically returned to the mill for fur- 
ther grinding. Each particle must meet the standard 
of fineness for which the system is set. This classifi- 
cation is simple, positive and automatic and is 
independent of the wear on the hammers. Inci- 
dentally, the Lopulco classifier is a patented fea- 


ou can’t afford to 
isregard basic 


Lopulco unit mill with 
integral classifier. The 
door to the grinding 
chamber has been re- | 
moved to show the 
ready accessibility for 
inspection of the ham- 
mers and for replace- 
ment, when necessary. 










ture and is available only on Lopulco pulverizers. 

The name on a particular mill may have littie 
significance. However, the name plate on the 
Lopulco unit mill reflects an experience of over 
45 years in designing, developing and manufac- 
turing pulverizing equipment — nearly a half cen- 
tury of acknowledged leadership. 

A new illustrated catalog awaits your request. 
May we send you a copy? 





COMBUSTION ENGINEERING CORPORATION 


200 Madison Avenue, New York, N. Y. 
A SUBSIDIARY OF INTERNATIONAL COMBUSTION ENGINEERING CORPORATION 







International Combustion Building . 








COMBUSTION 











Vol. 1 DECEMBER 1929 No. 6 
CONTENTS 
Feature Editorial— 
Standardization in Steam Plant Engineering ..............--: see e eee e eee eeees 21 
by Collins P. Bliss 
Feature Articles— 
Building of Vessels for High Pressure and High Temperature Service.......... 23 
by T. McLean Jasper 
ee: Fe Te i so i ce icccencdessvadescetentpelsyavaceaws ens 31 
by ]. W. Mackenzie 
WR I inc n ci ccenenecesenat ede dansadeqies coe pensbeeeeehereuness 35 
by E. R. Fish 
Combined Low Temperature Carbonization and Combustion for Power Stations 43 
by David Brownlie 
The Loss Due to the Presence of Carbon Monoxide in the Flue Gases......... 48 
by B. J. Cross ' 
Correct Method of Using the Oxygen Bomb Calorimeter for Determining the 
SE. FOE Gi CIES 6 a's ccc ckccndcdcdenesssseceesearasacepiuesseee 50 
by Jobn Cruise 
Editorials— John Anderson—Pioneer. Development in Boiler Design.............. 22 
News— Pertinent Items of Men and Affairs.... ......... ccc cte cece cece eee e eens 53 
New Catalogs and Bulletins—A Review of Current Trade Publications. ........ 55 
Revieu of New Technical Books ............. Scpahad eae peusaie etd deat 56 
Patents—Recently Granted in United States and Great Britain..................... 59 
TRA Ts 066 ci nGiincntn aie eee een 63 
CHARLES MCDONOUGH CARL STRIPE, Editor H. Stuart ACHESON 
Business Manager R. C. Denny, Technical Editor General Representative 


SUBSCRIPTIONS, including postage, United States an Canada, Copyright 1929 by In-Ce-Co Publishing Corporation, New York. 
$2.00 a year, Great Britain 8 shillings. Other countries, $3.00. 


INTERNATIONAL COMBUSTION 


Published Monthly by IN-CE-CO PUBLISHING CORPORATION 4 Subsidiary of 


GEorGE E. LEARNARD, President GeorGE H. HANSEL, Secretary W. I. BRANIGAN, Treasurer 


New YorkK—International Combustion Building, 200 Madison Avenue 
LONDON—Africa House, Kingsway, W.C. 2 


Single Copies: United States and Canada, 25 cents. Advertising New York. 
tates furnished upon application. 


NUMBER OF COPIES PRINTED THIS ISSUE, 11,027 


9: 


ENGINEERING CORPORATION 


Printed in U. S. A. Publication office, 200 Madison Avenue, 






























OREN, A Ag ERS ORE ONES MOMENT TL Nn 











A LARGE class of industrial furnaces used to be considered outside the 
range of insulation because of the high temperatures carried. Most of them can 
now be insulated safely. Armstrong’s Brick withstand a direct heat of 2500° 
F. back of the refractory which means, of course, much higher temperatures 
in the combustion chamber. 


It is no longer a valid objection to say, “The insulation won’t stand 
it.”” Armstrong’s Brick do “stand it,” without shrinking, cracking, warp- 
ing, or spalling, and without losing any of their insulating value. More- 
over, when rebuilding or relining, Armstrong’s Brick are not “scrap,” 
but can be used again. 


Have you a problem in high temperature insulation? Write for details of 
performance and get an Armstrong Brick and test it. Full information and 
sample sent on request. Armstrong Cork & Insulation Company, 934 Con- 
cord Street, Lancaster, Pennsylvania. 


Armstrongs Insulating Brick 


For Furnaces and Boiler Settings 
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Standardization in Steam Plant En gimeern g 


UCH has 
been done 
regarding definite 
terminology in 
steam plant engi- 
neering through 
the standardization 
activities of the 
Founder Societies 
and particularly by 
The American So- 
ciety of Mechanical 
Engineers, but the 
obsolescence of 
terms becomes apparent as time goes on and 
revision becomes necessary to bring engineer- 
ing terminology up to date. 

Many of those intimately associated with 
the details of specialized fields of activity do 
not always realize that the leaders in these 
lines of endeavor are often anticipating con- 
structive criticism. It is an evident fact that 
persistent educational propaganda is needed to 
secure universal adoption of the standards and 
codes that have been arrived at through a con- 
census of opinion of American industry. 

Steam generation, if not steam engineering, 
started with the beginnings of civilization and 
it is therefore one of the oldest branches of 
applied science. It has, however, fallen heir 
to many definitive terms that industry as a 
whole has outgrown. ‘“‘Boiler horse power,”’ 
““percentage of boiler rating,’’ ““pounds of coal 
per kw. hr.’’—are phrases that do not tell the 
whole story, nor indicate what is really meant. 
The latter phrase in particular has really no 
meaning from the standpoint of comparative 
efficiencies, even when translated into fractions 
of a dollar, because nothing is said about the 
cost of the heat producing medium. 

With the impetus given by Mr. Hoover, 
when Secretary of Commerce, to simplification 
and commercial standardization, industry is 
taking a greater interest in the setting up of 
American Standards, many of which are of 





Couns P. BLIss 


necessity dimensional in character with a few 
classed as codes and specifications. 

In the matter of steam power generation as 
long ago as 1915, the Power Test Codes of The 
American Society of Mechanical Engineers 
were published and the present Committee on 
Power Test Codes is about to reprint the Code 
so as to embody many needed changes. 

To indicate the kind of revision that has just 
appeared in the page proof of the Code in ques- 
tion, One important paragraph might be 
quoted in its revised form. 

“The rating of boilers for size only, in 
square feet of heating surface, should be 
adopted. The area method has been in use 
for years in Europe, and in view of the fact 
that the ultimate steaming capacity per square 
foot is dependent on the amount of fuel fired, it 
is a suitable unit, as not involving capacity.”’ 

Other similar changes are being proposed in 
this Code, but no standard may be set for all 
time. Even in the process of standardization 
in any field, particularly where time, tests and 
research have to be considered, the standard is 
changed materially from what seemed to be a 
general concensus of opinion at the start to 
new agreements based on the progress of the 
art even during the formulation of the 
standard. 

It is one thing to make a standard and quite 
another to get it adopted.. Let all of those 
interested in the steam plant field make it a 
point to follow the code practice that is being 
set up by their colleagues who are giving un- 
sparingly of their time and experience, so that 
the essential improvements and changes will 
follow as a matter of course. 


hits: 


Chairman, Standardization Committee, A.S.M.E., 
Associate Dean, College of Engineering, 
New York University. 
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John Anderson—Pioneer 


OHN ANDERSON has passed on, near the close 

of a decade that has brought more rapid develop- 

ments than any similar period in the history of steam 
plant engineering. 

No review of the engineering progress of this 
decade would be adequate without a tribute to John 
Anderson. 

No eulogy of the man would be complete without 
a reference to this era of steam plant development. 
The two are inseparable, for he contributed, perhaps 
more than any other man, toward making this de- 
velopment possible and in shaping its course. 

Ten years ago, the use of fuel in pulverized form 
was an engineering jest, except for limited applica- 
tion in cement manufacture. The idea of burning 
pulverized fuel for steam generation was virtually 
peddled from door to door by an enthusiastic and 
persistent little group of engineers who had faith 
in its possibilities for steam plant use—a group of 
stalwart believers pleading for the chance to demon- 
strate what pulverized coal could do. 

John Anderson gave pulverized coal that oppor- 
tunity. 

The initia installation was made at the Oneida 
Street Station, Milwaukee. It was found that at 
high ratings and with low excess air, the burning of 
pulverized coal could be justified commercially, but 
under these conditions the furnace temperatures were 
beyond the safe limits for solid refractory walls. To 
meet this problem, hollow air-cooled walls were de- 
veloped and successfully applied. 

At the higher ratings demanded by later practice, 
the ash particles melted down into a plastic mass 
that was difficult to remove, and continuous opera- 
tion was impossible. 

Then, the bottom water screen was conceived and 
adopted. Not only did this solve the ash pit prob- 
lem immediately, but still more important—the in- 
stallation of that first water screen at Milwaukee, 
initiated zone cooling by water tubes. 

And finally came the all-metal, water-cooled fur- 
naces. The all-metal furnace permitted the use of 
still higher furnace temperatures and made the adop- 
tion of air preheaters both feasible and practicable. 

The rapid development in pulverized fuel firing 
made the further development of mechanical stokers 
a commercial necessity, for if stokers were to com- 
pete successfully with pulverized fuel firing, their 
standards of performance had to be raised. Thus, 
progress in one field gave impetus to developments 
in allied fields. 

‘Several years ago, John Anderson installed the 
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first steam boiler in America, designed for a pressure 
as high as 1390 lbs. per square inch. This initial 
installation proved so successful that two additional 
units, built for the same pressure, have been installed. 

John Anderson has passed on—but there remains 
a nation-wide chain of monuments to pay tribute to 
his courage, foresight and ability. 

Every modern steam station has, as part of its 
inherent design, some development which has re- 
sulted, directly or indirectly, from the fact that John 
Anderson—pioneer, engineer and man of vision— 
threw open the door at Oneida Street and gave 
pulverized fuel the opportunity to prove its worth. 








Development in Boiler Design 


EFERENCE has been made in the past in these 
columns to the fact that engineering ingenuity 
has consistently kept pace with economic demand. 
A definite improvement in the economy of steam 
generation results from the use of higher steam pres- 
sures and temperatures, larger generating units, and 
higher rates of steam generation per unit. With the 
development of economical usage of tremendous 
quantities of steam in large turbines, there has come 
an insistent demand for high economy in the gener- 
ation of this steam. 

In response to this demand we have witnessed a 
growth in boiler capacities up to nearly a million 
pounds of steam per hour per unit, in steam pressures 
up to nearly a ton per square inch, and in coal burning 
Capacity up to some forty tons per hour in a single 
furnace.. These are obvious achievements. 

Behind these achievements there is a formidable 
array of separate problems without whose solution 
the main results would not have been possible. Dis- 
cussions of certain of these problems have been fea- 
tured in our columns from time to time. In this issue 
the articles by Mr. Jasper and Mr. Fish point out 
with much interesting detail some of the recent 
advances which have been made in the art of weld- 
ing. This method of construction is new to the class 
of boiler work to which reference has been made 
and it is not yet sanctioned by the boiler code com- 
mittee or other authorities. 

The articles suggest, however, that we are on the 
threshold of a new technique in the construction of 
boiler drums for use at high pressures and high tem- 
peratures. The successes recorded for welding have 
a strong cumulative appeal. The scientific approach 
to the problem is convincing in its sincerity. We 
are perhaps witnessing the steps of another develop- 
ment where engineering ingenuity is keeping pace 
with economic demand. 
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Vessel under test with all openings reinforced 


of Vessels for High Pressure and 


High Temperature Service 


By T. McLean Jasper 
Director of Research, A. O. Smith Corporation, Milwaukee, Wisconsin 


high temperature it is becoming increasingly 
necessary to reconsider the questions of design 
and safety because of two very important reasons. 
First, because the engineers for the steam power, 
oil refining and chemical processes desire to make use 
of the economies rendered possible by going to higher 
and still higher temperatures and pressures. Second, 
the problems associated with the safety of equipment 
under those increasing con- 
ditions of service are be- 
coming more and more 
difficult as the temperatures 
and pressures are increased. 
The theory underlying 
the principles outlined in 
the following paragraphs 
has been more or less under- 
stood for some time. How- 
ever, the practical applica- 
tion of these principles was not possible so long as 
there was no known method of fabrication by which 
the advantages could be capitalized. 
Until a method of joining plates together was 
available which was capable of producing a joint 
stronger than other sections of a vessel, such as heads 


[ the building of vessels for high pressure and 
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The extremely rapid strides being made in 
welding of pressure vessels is one of the 
livest topics of the hour. This paper, which 
is a splendid contribution to the literature of 
welding in the pressure field, was read before 
the Tokio World Engineering Conference in 
October, and we are presenting the entire 
paper, not a digest, because of its sustained 
interest and the great instructive value of each 
section and the many illustrations. 





and openings, there was no point in considering the 
redesigning of heads or reinforcing the openings. 

The vessel with a riveted joint has little safety 
beyond the yielding stress of the metal because at 
this point the distortion of joints results in leaks and 
therefore renders the vessel unsafe. For this reason 
unreinforced openings and the ordinary dished heads, 
although weak in design, are justified in ccmbina- 
tion with riveted construction. 

It might be thought that 
there is no need of consider- 
ing stressing vessels above 
the yielding point. This, 
however, is not true, for in 
the oil cracking industry 
experience proves that the 
pressure may, in spite of 
safety devices, momentarily 
go considerably beyond the 
normal working pressure 
and may even go above the yield point. 

In the United States, accident analysis has shown 
that this has been the cause of failure in at least 
three serious cases, all within the last three years. 
The heavy toll of human lives and great financial 
loss to equipment, class them as major disasters. 


23 








It, therefore, becomes increasingly important that 
the vessels for use in such services, which are grow- 
ing more hazardous because of the demands of 
economics, should be produced with the utmost care 
and all precautions taken to insure safety to the users. 

It should be understood that vessels for high tem- 
perature and high pressure operation require the use 
of relatively thick walls, and thick walled vessels 
act very differently from thin walled vessels. The 
reason is that very little adjustment of shape under 
pressure can take place even when relatively ductile 
materials are employed. 

The four most important points in considering 
vessels for severe service are as follows: 

1. Design 3. Fabrication 
2. Materials 4. Testing 


DESIGN 


The design of a thick walled vessel in which the 
steel ranges from 144 to 6 inches in thickness is of 
great importance because if improperly or carelessly 





Fig. 1—The scaling of the lime wash indicates the point of 
maximum stress in bead 


designed it may have less than one-half the strength 
that the materials used could produce. The proper 
design of a vessel considers as the most important 
items the shape of heads, proper reinforcing, and the 
efficiency of the joints used in fabrication. 

The only satisfactory way by which the correct 
answer can be found as to what constitutes a proper 
design, is to build vessels of full size and test them 
to the yield point of the steel and eventually to de- 
struction. 

The principle underlying such tests takes into 
consideration that the various points in a vessel 
under pressure will show yield at different pressures 
depending upon when the metal at these points 
reaches its yield point. It is obvious that yielding 
will first take place at the weakest point. Therefore, 
if the design is not a well balanced one, then the 
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pressure at which the first yielding occurs compared 
to the pressure at which the main cylinder yields, 
will give a very good idea of how well balanced the 
design really is. 





Graph showing the strain values, under the same pressure 

conditions in the main cylinder, at the most stressed situation 

around manway openings and in the most stressed situation 

in a dished head. The yield point indicates when the metal 

has reached the same stress at each position where the strain 
measurements were made 
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Fig. 2—Curves showing lack of uniformity in strength of 
vessel when dished heads and unreinforced openings are used 


In the tests described below the actual measure- 
ments were obtained by using Berry strain gages of 
2 and 4 inch gage lengths applied to a series of about 
200 gage points scattered over each of the vessels. 

The vessel used for one of the tests was approxi- 
mately 4o feet long, 72 inches in inside diameter, 
and had a 2 inch wall thickness, and is shown above 
the title of this article. 

To one end of the vessel was welded an elliptical 
head, having the shape of one half of an ellipsoid of 
revolution. The major axis of the ellipse is two times 
the minor axis, the major axis being equal to the 
diameter of the vessel. 





Graph showing the appropriate strain conditions when man- 
way openings are reinforced and when an elliptical head is 
used in the place of the ordinary dished head 
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Fig. 3—Curves showing uniform strength in vessels when 
elliptical beads and reinforced openings are used 
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On the other end of the vessel was a dished head 
with a shape composed of two curves having radii 
of 72 inches and to inches respectively. The part 
of this head, where maximum strains occurred, was 
where these two curves became tangent. This is 
also shown in Fig. 1 where the lime wash first came 
off during the test. 


In the side of one of the vessels were three 24 inch 
manway openings, two of which were reinforced 
and one unreinforced. The degree of reinforcement 
mecessary was previously determined from other 
vessels by increasing the width of the reinforcing 
ring until no yielding at any point adjacent to the 
Opening occurred before the stress there was as high 
as in the main cylinder. For the type of construction, 
which will be described later, the correct reinforcing 
ring to use is one of equal thickness to the vessel wall 
and of a width equal to 4o per cent of the opening. 
These reinforcements are attached to the vessel by 
drilling through the rings and, after being placed in 
position, fusing weld material into the holes. Then 
by welding around the outside edge as well as ad- 
jacent to the manway neck, the reinforcing rings are 
attached firmly to the vessel proper. This method 
of reinforcing was also found adequate on manway 
openings which were placed in heads. 


Fig. 2 represents the test results which indicate 
the yield: points of the two main weak spots which 
most commonly show weakness due to improper 
design, and also the point of yield in the main cyl- 





inder. When the yield point in the main cylinder 
was checked against the value obtained on the actual 
plate, before any fabrication was done, it was found 
that the two results were exceedingly close. 





Fig. 4—The vessel after conclusion of destruction test. Note 
that the failure bas no tendency to follow the weld 


The following common stress formula was used 
for checking the cylinder strength— 


PD 
S = 





2t 
in which § = stress in the material 
P = the test pressure 
D = the diameter of the pressure container 
t = the thickness of the wall 


Fig. 5—One corner of the A. O. Smith research laboratory. The elevated temperature testing machines are shown in the right 
foreground and fatigue testing machines on the left 
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From a study of Fig. 2, it is seen that an unrein- 
forced 20 inch manway in a vessel of 2 inch wall and 
72 inches in diameter, has a strength of about 60 per 
cent of that of the cylinder wall. Further, it is seen 
that a dished head as described above has a strength 
of about 80 per cent of the cylinder wall. 


Fig. 3 indicates similar test results, when the man- 
way openings are adequately reinforced and when a 
head of elliptical design is used. 


Fig. 4 shows the vessel after it had failed beyond 
repair. The first failure, resulting from design, 
occurred in the unreinforced manway opening, which 
cracked the steel around the edge of the manway. 
This was repaired and the opening reinforced as de- 
scribed above. The final failure occurred in the short 
radius of the dished head and progressed along the 
vessel proper as shown. The first failure occurred at 
about 64 per cent of the strength of the steel in the 
main cylinder and the final failure occurred at about 
82.5 per cent of this strength. This gives a fairly 
close check of the yield point results obtained in the 
test which used the yielding of the material to in- 
dicate the quality of the design. 


It must be understood here that walls of thin ma- 
terial, say 14 inch or so, would not likely have shown 
such close results between the point of yield and 
that of failure, because such vessels are more free to 
adjust themselves to shape under pressure. 

One other point should be noted in Fig. 4. This 
vessel was of welded construction in which the weld 
section was practically the same thickness as the 
plates joined. These vessels are now designed to give 

















Heating Circuit-220 V. 








Fig. 6—Sketch of apparatus used for elevated temperature tests 


uniform strength throughout; that is, they are made as 
strong in every part as in any part. Localized stiffen- 
ing of the joints is practically eliminated and the 
vessel is free from uncertain stress distribution and 
concentration.’ The importance of this cannot be 
over emphasized in the selection of vessels for severe 
service conditions. The question of strength of weld 
will be taken up under the heading of construction, 
but it is desired to point out one significant thing. 
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In riveted construction the joints are either made 
by overlapping the plates or by using butt straps. 
In these cases the metal of the joint is stressed in 
excess of what it is at points far removed from the 
joints. As the wall thickness is increased, the effect 
of this increase in stress becomes more important as 
a. factor in lowering the effectiveness of the joint. 


30,000 


8 
8 


Hrs. 


Stress in Lbs. per Sq. Inch 


3 


%> joo 200 300 400. 500 600. 700 800 900 1000 
Time in Hours 


Fig. 7—Curve showing method adopted in arriving at long 
time ultimate strength of steel 


One other thing in riveted construction should be 
kept in mind. At the yield point of the metal, which 
is approximately one half the ultimate strength, the 
vessel will tend to leak. Such leaking represents fail- 
ure in the technical sense of the word. Dished heads, 
therefore, are adequate to care for such a condition, 
because the leak point of the riveted joint is much 
less than the strength of the dished head. 

In Fig. 4 it should finally be noted that the frac- 
ture avoided the neighborhood of the welds used in 
the construction of the test vessel. It might be said 
here, that the vessels in question had not been 
purposely made for testing, but were regular pro- 
duction vessels intended for operation in service. 


MATERIALS 


Materials of construction play an important part 
in the value of a piece of equipment. The strength 
of such materials, considering the conditions of oper- 
ation, must be thoroughly understood in order that 
full advantage may be taken of the various materials 
available. The type of pressure vessel with which 
the author has been most familiar, calls for con- 
tinuous operation at goo deg. fahr., and at various 
pressures. Certain vessels are designed for as high as 
1200 lb. per square inch pressure. Of course, the 
question of pressure is simply a matter of increased 
wall thickness. 

These vessels are being used in the oil cracking and 
chemical industries where leakage would have 
serious consequences, such as explosion or fire. Such 
a fire, when impinging on an adjacent vessel, has 
been known to produce disasters resulting in the loss 
of a considerable number of lives. 

The strength of steel at elevated temperatures is of 
great importance in connection with vessels for 
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high temperature service. This strength value ot 
steel cannot be obtained in as simple a manner as is 
done for low temperatures. That the short time 
test results do not produce correct values to be used 
in design, is shown by the difference between short 
time and long time values at 900 deg. fahr. for two 
plain carbon steels. 


Ultimate Strength at goo deg. fahr. 
Ib. per square inch 


Steel Short time Long time 
SAE 1o10* 32500 15000 
SAE 1025* 34300 18000 


*Society of Automotive Engineers Specifications. 


Two things are obvious from the above data. 


First, the .10% carbon steel at goo deg. fahr. is not 
as strong as .25% carbon steel at the same tempera- 
ture. Second, when the factor of safety is based on 
the short time test such a vessel will, in actual 
service at goo deg. fahr., be operating at only one 
half of the expected factor of safety. 

The men who first recognized the importance of 
temperature on metals were LeChatelier!, Chevenard? 
and Lea’®, and it is considered that they are parents 
of the thought that steel at high temperatures and 





1Congres International des Methodes d’Essai, Vol. 2, p. 1, 1900. 
*Comptes Rendus, Vol. 169, p. 712, 1919. 
5En gineering, Vol. 110, pp. 293-298, 1920. Proceedings of the Institute 
of Mechanical Engineers, December, 1924 
“American Society for Testing Materials, Vol. 25, p. 12, Part 2, 1925. 
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under long time continuous load will fail at a much 
lower load than that shown by a quick time test. 
The method of testing steel at elevated tempera- 
tures is one which should be carefully considered. 
It is believed that the best method for testing steel 
for large vessel construction is as hereafter described. 
The testing machines used for elevated -tempera- 
ture tests are shown in Fig. 5 and Fig. 6. The operat- 
ing parts consist of a system of levers attached to 
the test specimen by means of pulling grips. The 
specimen is held in a bath of lead, which is liquid 
when the temperature under consideration is above 
its melting point. This results in producing a fairly 
uniform temperature over the complete length of the 
specimen as well as allowing the temperature 
measurement on the test specimen to be quite 





Fig. 8—The largest automatically controlled electric furnace in the world, built for relieving Smithwelded vessels 


accurate. 
insulated. 
One other desirable feature obtained by the use of 
this liquid is the prevention of oxidation which in 
a small specimen may have a considerable bearing in 
long time tests. The thermocouple actuates an 
automatic heating control and in this manner the 
temperatures are kept within very small limits. 
The method of producing satisfactory results calls 
for the use of several specimens of the steel to be 
tested and proceeds as follows. The first specimen is 
subjected in the machine to a stress at which it is 
known it will fail in time. The other specimens are 
subjected to successively lower stresses, until a stress 


The thermocouple through the liquid is 
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is reached at which it will not fail for an indefinitely 
long time. Fig. 7 shows the typical curve where the 
horizontal line represents the long time ultimate 
strength. 

A fact, which is not generally known, is brought 
out in the production of thick plates. For such 
plates large ingots are required so as to obtain 
reasonable reduction in rolling. Furthermore to 





RESULTS OF TESTS AND LOCATION 
OF TEST SPECIMENS OF WELD 
MATERIAL AND ADJACENT METAL 
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Fig. 9—Test results of specimens from welded plates 25% 

inches thick showing that the weld and the adjacent metal is 

stronger than the original plate. Test specimens were cut at 

one inch intervals parallel ye _ weld and pulled in the same 
ection 


make sure of homogeneous steel in the plates from 
the present type of ingot, it is necessary to crop fifty 
per cent of the metal. Thirty-five per cent is taken 
from the top of the plate and fifteen per cent from 
the sides and bottom. The larger portion of the 
fifteen per cent is taken from the bottom to avoid 
bottom segregation. This makes it possible to pro- 
cure the homogeneous heart of the ingot for vessel 
construction. 


It has been considered that a plate made by uniform » 


forging, using the process of rolling of a once heated 
steel, is superior to a steel subjected to consecutive 
heating and hammering. Especially is this consid- 
ered important when it becomes necessary to heat 
the steel several times at very high temperatures 
such as is required for hammer forging operation. 
In this method certain portions of the steel first 
forged cannot be given a final forging operation 
after heating. 

In addition to the above observations it becomes 
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necessary to eliminate steel having mechanical de- 
fects if a quality product is to be eventually obtained. 
All materials should be purchased under strict 
physical and chemical specifications which, when 
rigidly enforced, produce uniformity in results. 
Materials of many different specifications appropri- 
ate for producing vessels to resist various types of 
corrosion and high or low temperature conditions, 
must be thoroughly investigated before vessels can 
be produced with a reasonable degree of certainty 
that safety and long life will result. 


FABRICATION 


The process of fabrication is one which brings the 
selected materials in conformity with the design. 
If the design is good and the materials are good, but 
the fabrication is poor—then very little is gained. 
It becomes necessary, therefore, to insure that the 
care exercised in the process of fabrication is such 
as to give a balanced quality to the design and the 
selected materials. 

Vessels having a wall thickness of 614 inches in 
certain sections, and weighing 396,000 pounds, have 
been fabricated. Such vessels were 10 feet inside 
diameter and 67 feet long. To safely transport these 
vessels to their destination it became necessary to 
survey the available routes for bridges over the 
Mississippi River, which would carry the con- 
centrated load and for roads where the radius of 
curves were not too short to endanger the load. 





Fig. 10—Tensile test specimens cut across the weld joining 
plates of 6 inch thickness 


The Company, with which the author is associated, 
has built over one thousand vessels, weighing on an 
average of 120,000 lb. each and having two and one- 
half inch average wall thickness. 

The method of construction followed by ‘this 
Company requires that all plates over one inch in 
thickness shall be formed hot. Also that after 
fabrication the vessels shall be relieved of all major 
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fabrication strains by proper heating. For this pur- 
pose electric heating furnaces are available. The 
furnace in which vessel fabrication stresses are 
relieved is 14 feet high, 12 feet wide and 68 feet 
long, the temperature of which is controlled auto- 
matically. See Fig.8. Two large electric slab fur- 
naces are used for heating plates before fabrication. 
These furnaces are also controlled automatically. 
The large rolls used in forming cylinders are ca- 
pable of exerting a pull down load of 8,000,000 pounds 
and will form a 5 inch steel plate cold. Other rolls 
of lesser capacity are available for thinner materials. 


2 (oe 


» wv 


Fig. 11—Specimens cut entirely from untreated deposited weld 
metal and distorted cold 






However, no plates over 1 inch in thickness are 
formed cold. 

The security in fabrication of thick walled vessels 
depends on close conformity to shape. The round- 
ness of large vessels is kept well within one-half of 
. One per cent and the straightness within 14 inch in 
30 feet lengths. 

The quality of the joint also has a very material 
bearing on the safety of a vessel. Fig. 9 gives a 
picture of two slabs of steel 25 inches thick which 
have been joined together by welding. Each point 
in the curve represents a test value from a specimen 
of the full plate thickness which has been cut parallel 
to the direction of the weld. One test specimen is 
wholly in the weld, one is partly in the weld and 
partly in the plate, the remainder are cut at alter- 
nately greater distances from the center of the weld. 

These tests results show that the weld is stronger 
than the plate and that the act of welding has rather 
strengthened the metal immediately adjacent to the 
weld. The explanation for this is simple when the 
process of welding, as it should be done, is under- 
stood. 

Fig. 10 shows test specimens which were made 
from plates six inches thick. The weld is located in 
the middle and each successive specimen was pulled 
after an increased number of holes, each 2/10 inches 
in diameter, had been drilled through the center of 
the weld. There is no need to further discuss the 
significance of this test. It indicates without ques- 
tion the strength of the weld over that of the steel 
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and also gives some idea of the weld ductility when 
the shape of the holes are observed after failure of 
the test specimen. It also indicates that the welding 
operation has had no detrimental effects on the metal 
immediately adjacent to it. 

Fig. 11 gives some idea of the ductility of the 
deposited weld material. The deformations shown 
were made with the materials cold. No treatment 
was given this material after the welding was fin- 
ished. This ductility of the weld metal is obtained 
by eliminating oxygen and nitrogen from the weld 
deposit during the period of welding. The method 
of joining steel referred to above applies to one proc- 
ess of arc welding, which is patented and is known 
in the trade as Smithwelding. Fig. 12 shows the 
welding process in operation. 

In conclusion, the question of fabrication is con- 
sidered one of the most important factors which in- 
fluences the quality of a vessel for service. Good 
materials, good design and poor fabrication methods 
avail little, since a chain is no stronger than its 
weakest link. It is necessary that all three are used 
to their fullest possibilities if the best type of struc- 
ture is to prevail. 

TESTING 

The function of testing is to determine the quality 
of the finished vessel. For this purpose a test pres- 
sure is selected which, for the .20-.30% carbon steel 
normally used for vessel work, produces a stress in 
the main cylinder of 19,000 lb. per square inch. 

In testing a vessel for use at elevated temperatures, 
it is obvious that no testing equipment can readily 
simulate operation conditions. For instance, a 





Fig. 12—Automatic and continuous Smithwelding the girth 
seams of a thick walled pressure vessel 


steam boiler would not be tested with live steam 
because of the amount of energy stored up in steam 
under such test conditions. However, if a liquid is 
used which stores comparatively little energy, then 
the vessel could be tested at a stress proportionally 
higher than the working pressure and to a point 
which considers the effect of variation between test 
conditions and working conditions. A failure under 
such test conditions does not produce a disaster. 
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Moreover, a considerably higher test pressure can be 
used without becoming a menace. It is believed 
that hammering of all joints under test pressure is a 
most important function in vessel testing. ‘It is also 
considered that with all processes of building vessels 
by welding and forging, this method of testing ves- 
sels should be adopted. The hammer blow in terms 
of energy specified and advocated by the author’s 
company is an arbitrary value, which is in propor- 
tion to the weight ot one square foot of metal in the 
vessel wall; i.e., the energy of the blow used in foot 
pounds is equal to the weight in pounds of one 
square foot of vessel wall. See Fig. 13. 

In view of a tendency for the metal of the vessels to 
corrode or be affected in some way or another by 
certain processes, it is believed that a periodical proof 
test could properly be added to vessel operation. 


This insures a known factor of safety if the working 
stress is based on the cylinder stress and on the 
strength of the material when working conditions 
are considered. It also involves reinforcement of all 
openings and using heads of the best design. 

(2) A thorough knowledge of the strength of the 
materials with proper precautions to use only the 
homogeneous portion of the metal. For elevated 
temperatures this involves the testing of materials 
at the temperatures encountered in actual service and 
also considering the time factor appropriate to serv- 
ice conditions. 

(3) Careful fabrication methods which insure a 
joint of equal strength with the plate, without add- 
ing undue thickness: It also involves the forming of 
thick materials under heat together with a final relief 
of fabrication strains by heat, which insures that the 





Fig. 13—-Hammer test of Smithweld oil still under pressure 


Such a proof test could'be carried out by using 
suitable liquids, which would minimize the danger 
of a fracture. The value ot a proof test cannot be too 
strongly emphasized, because it will probably reduce 
boiler disasters to the vanishing point if properly 
carried out. Especially is this desirable in view of 
the fact that the engineer is going to ever increase 
temperatures and high pressures. 


SUMMARY 


In summarizing, it might be said that the four 
most important points to be considered for service 
in which thick walled vessels are used, are as follows: 

(1) A well balanced design which makes every 
part of a vessel at least as strong as the main cylinder, 
the strength of which can be accurately calculated. 
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vessel goes into service in a well balanced condition. 

(4) The appropriate testing of vessels before they 
are put into service insures to the prospective user the 
ability of such vessels to carry the load. This in- 
volves a knowledge of che strength of the steel in the 
vessel at the test temperature and also the long time 
strength of the steel at the working temperature. 
Appropriate periodic proof testing of vessels insures 
that the service deterioration of vessels is caught in 
time to prevent the loss of life and property. Such 
proof testing with care can be accomplished without 
involving risks commensurate with those taken 
when such tests are not performed. Such proof tests 
involve test pressures sufficiently abqve the working 
pressures so as to insure adequate safety for some 
appropriate period of future operation. 
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Boiler Feed Water Regulation 


By J. W. Mackenziz 





Consumers Power Company, Jackson, Michigan 


HE history of the development of steam 

generating power plants is one of constantly 

increasing cooperation between designers, 
manufacturers and operators. The use of large 
capacity, high pressure turbines would not be pos- 
sible without the corresponding development of 
boilers, valves, piping and 
other equipment. The feed 
water regulator problem is 
no exception to this rule 
and conditions which were 


decade ago might be ac- 


modern conditions. 

With boilers operating 
at pressures around two 
hundred pounds, steam 
temperatures not over five 
hundred degrees fahren- 
heit, and ratings generally os 
below one hundred and fifty per cent, a feed water 
regulator was considered satisfactory if it main- 
tained a water level in the boiler between one and 
three gages, and where these same conditions exist 
today these results are still satisfactory. It is now 
apparent, however, that a feed water regulator 
should be chosen to meet the requirements of the 
particular installation and not because it has given 
satisfaction on some other installation. 

With boilers operating at moderate ratings so 
that the water storage capacity bears a relatively 
high ratio to the hourly output and where some 
fluctuation in the steam temperature is not im- 
portant, it is desirable to use the boilers as an 
energy storage system to take care of small frequent 
fluctuations in steam demand. Or, in other words, 
as the steam requirement drops off for a few mo- 
ments, resulting in increased boiler pressure with 
decreased ebullition in the tubes and consequent 
decrease in water level in the boiler, the boiler feed 
valve should then open, admitting comparatively 
cool feed water which will absorb heat and help 
prevent the boiler from popping. As the load in- 
creases again the ebullition in the tubes will increase, 
thus raising the water level, when the boiler feed 
Should decrease momentarily allowing a greater 
percentage of the heat from the fuel to go toward 
making steam rather than heating water. 

By dropping the pressure slightly at these times 
still more of the stored energy can be utilized. 
This was the common feed water problem of 
ten years ago, and still is in many industrial 
plants and many of the earlier feed water regu- 
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Engineers particularly appreciate how com- 
plex is the modern power plant, and with 
what nicety each piece of equipment, and 
each part of such equipment, must fit into 
; the larger purpose of smooth operation of 
considered satisfactory a [| the whole plant. Exactly as the horseshoe 
nail was the infinitesimal but ultimate cause 
tually dangerous with of losing a battle, so is each small item of 
| mechanism vital to the operation of the 

plant. Mr. Mackenzie takes us into the de- 

tails of one such item—small in itself, but of 
vital importance. His discussion cannot fail 
to be of interest to the engineer who must 
know exactly the story of boiler feed water 


regulation. 


lators were designed to meet this requirement. 

While a feed water regulator which will accom- 
plish these results was, and is, very satisfactory and 
even desirable under the above conditions, it would 
be entirely unsuited for controlling the boiler feed 
on a large high pressure unit operating at several 
hundred per.cent of rating 
and designed to give steam 
temperatures close to the 
safe upper limit. Under 
these modern conditions, 
the boiler water storage 
capacity bears a low ratio 
to the rate of feed and 
should a decrease in steam 
demand cause an increase 
of relatively cool feed 
water to enter one of the 
boilers this might cause a 
marked reduction in steam 
flow through the super- 
heaters of that unit without a corresponding reduc- 
tion of fuel input to the boiler which would result in 
a sudden increase in steam temperature beyond the 
safe limits. On the other hand, a sudden increase in 
load might result in high steam flow through the 
superheater without a corresponding increase of fuel 
burning, resulting in a sudden reduction in steam 
temperatures, which likewise may be serious. With 
the increasing use of automatic combustion control, 
the steam pressures are not allowed to fluctuate as 
they must if the boiler is to be used as an energy 
storage reservoir; therefore it is evident that the feed 
water regulator to meet these conditions must insure 
not only relatively constant water level in the boiler, 
but a steady flow proportionate to the steam flow 

With the steam pressures common a decade ago, 
pipe sizes were proportionately larger and water and 
steam velocities through them were kept low. Com- 
paratively low feed line velocities were particularly 
important when reciprocating pumps were used, 
because pulsations from each stroke of the pump 
tended to cause pipe vibrations. With these con- 
ditions, a differential pressure regulator was fre- 
quently installed at the pump to maintain a pressure 
in the boiler feed line, and this pressure was greater 
by a definite amount than the pressure in the main 
steam header, and hence a nearly definite excess over 
the pressure in the boilers. 

With the use of four hundred pounds steam pres- 
sures or higher, the piping costs increased rapidly 
with the size of pipe thus making it economical, with 
centrifugal pumps, to use higher velocities which in 
turn resulted in greater pressure drop in both the 
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steam and water system. These velocities and pres- 
sure drops are still further increased when operating 
at the higher ratings, so that the use of a differential 
regulator located at the boiler feed pump does not 
insure the constant drop in pressure across the boiler 
feed valve which it was designed to do. Figure 1 is 
a diagram showing such system. It will be noted 
that with a pressure at the discharge of the pumps 
constantly maintained at a pressure 45 pounds 
greater than the pressure in the main steam header, 
there is a drop across the various boiler feed valves 
of from fifteen to twenty-five pounds, depending 
upon the distance from, and rating of, the various 
boilers. Should the rating on all boilers be reduced 
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the inlet and outlet of the boiler feed regulator, and 
controlling the conditions for the individual units 
independently of the various pressures and velocities 
in other parts of the system. -This arrangement 
offers additional advantages in that it gives satis- 
factory results when used with centrifugal boiler 
feed pumps driven by constant speed induction 
motors, where otherwise either a variable speed 
motor or steam drive is advisable if control of the 
differential pressure at the pump is to be attempted. 

In Fig. 2 it will be noted that, regardless of the 
steam pressure at any point, or the relative ratings of 
the various boilers, each boiler feed regulator is 
operating with a difference of fifteen pounds pressure 
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Fig. 1—A feed water regulating system of the old type applied to modern boilers, showing the pressure drops that are 
inevitably incident to this system 


to a low figure, the friction in the pipe lines would 
become of negligible value and the pressure across all 
boiler feed regulator valves would increase to about 
forty pounds per square inch, with the result that 
the highest pressure drop would occur at the time 
of lowest flow, which is the direct opposite of the 
conditions desired. 

To overcome the condition mentioned above, the 
system shown in Fig. 2 has been developed where a 
differential pressure regulating valve is installed in 
connection with each boiler feed regulator. These 
valves are essentially a special type of reducing 
valve, actuated by the difference in pressure between 
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between the inlet and outlet, thus insuring good 
control at all times. 

Various types of differential regulating valves have 
been developed to meet these conditions, and these 
regulating valves may be installed either before or 
after the boiler feed regulator, depending upon the 
design of the valve. If the differential valve is in- 
stalled ahead of the feed water regulator, it must be 
designed to reduce the boiler feed pressure to the 
desired excess above the outlet pressure of the regu- 
lator. If the differential valve is installed after the 
boiler feed regulator it must be designed to throttle 
the discharge of the boiler feed regulator until the 
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pressure drop across the regulator is reduced to the 
desired amount. Both arrangements give equal 
satisfaction. 

One of the greatest difficulties encountered in the 
later developments of feed water regulators has been 
to secure valve designs and materials which will 
meet all the requirements. To insure sensitive 
operation under all conditions, most regulators re- 
quire a balanced type of valve. This was not a 
difficult problem when velocities and pressure drops 
were low, but with the new conditions it develops 
that valve designs which have heretofore been con- 
sidered as perfectly balanced may develop un- 
balanced forces which will cause the valve to close 


amount. If it is used where the excess pressure ex- 
ceeds seventy-five pounds, serious unbalancing may 
develop when the valve is nearly closed, causing the 
valve to suddenly close tight and thus produce 
serious shock. This unbalancing is due to the fact 
that static pressure of a fluid will exert its force 
equally in all directions, whereas velocity head 
exerts its force only in the direction of flow.', The 
arrows in the figure indicate the flow of water 
through a valve of this type. When the flow is 
greatly restricted there is very little velocity action 
on either side of the upper disc or the upper side of 
the lower disc. There is, however, a very high 
velocity of flow below the lower disc. This velocity 
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Fig. 2—A system of regulation using a differential regulator at each boiler instead of at the pump, and thus securing a desirably 
uniform control for each boiler 


suddenly and produce serious water hammer. Much 
of the difficulty encountered under the present con- 
ditions could be eliminated if the manufacturer of 
the feed water regulator were given complete and 
correct information on the actual operating con- 
ditions. In several plants, these factors have been 
found to differ very widely from those anticipated, 
and, as a result, difficulty has been encountered in 
providing proper regulation, and of course in such 
cases the fault is not one of the regulator. 

Fig. 3 shows a design which is perhaps the best 
known type of theoretically completely balance 
valve. This valve is designed for installations where 
the pressure on the inlet is not more than seventy-five 
pounds greater than that at the outlet and should not 
be used where the excess pressure exceeds this 


December 1929 —-COMBUSTION 


is parallel to the disc near the edges, becoming 
downward toward the center. The lower surface of 
the upper disc and the upper surface of the lower 
disc being of the same area and subject to the same 
static pressure are in balance, but the balance be- 
tween the upper surface of the upper disc and the 
lower surface of the lower disc is upset because a 
part of the head below the lower disc is converted 
into velocity head, in such a way that the upward 
force on the lower surface of the lower disc is ma- 
terially reduced, resulting in a considerable un- 
balance of the valve, causing it to close. A similar 
reaction is produced by the water passing through 
the upper part of the valve, but here the forces react 
on the body which is not free to move and so has no 
effect on the operation of the valve. A reversal of 
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flow through the valve changes the reactions from 
the lower to the upper disc without changing the 
effect or direction of the action on the disc unit. 
Hence, as experience has shown, this type of valve 
is not suited for service where high pressure drops 
are likely to be encountered. 

One manufacturer has produced another type of 
valve which insures static balance. The original 
design, as illustrated in Fig. 4, has, however, under 
































Fig. 3—A balanced valve designed along theoretical lines but 
not acting as a balanced valve under certain practical 
operating conditions 


certain conditions given trouble in operation. This 
is a cylinder disc type of valve which is subject to 
full pressure around its entire circumference and 
therefore is not subject to distortion as is the sleeve 
type valve. Where this valve is installed with the 
flow in the direction indicated and where the pres- 
sure drop through the valve is great there is a de- 
cided velocity action due to the streams from the 
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Fig. ¢#—The cylinder disc type of balanced valve designed accord- 
ing to a more modern theory, and from which a number of practical 
designs are likely to be worked out 
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four port openings meeting at the center and forming 
a central high velocity jet downward against the 
part of the valve to which the stem is connected. 
This downward force causes a closing action on the 
valve which greatly interferes with its normal 
operation. It may easily be possible to overcome 
this difficulty by some comparatively slight change 
or modification in design. 

These examples are given to show that the diffi- 
culties generally encountered with the modern 
types of feed water regulators are not due to a prin- 
ciple of operation but are due rather to encountering 
operating conditions which are unusual or excess 
pressures and velocities greater than expected, under 
which conditions each case of trouble must be 
analyzed and suitable steps taken to overcome the 
trouble. 

Just what will be required of the feed water regu- 
lators within the next few years it is impossible to 
state, but it is evident that with steam temperatures 
above 800 deg. fahr., which may become standard, 
better feed control will be required. Even with 
the present pressures and temperatures it appears 
that provisions should be made to add steam flow 
as one factor in boiler feed control, and several 
manufacturers are already offering equipment to 
accomplish this result. As development and the 
constant urge for higher efficiencies result in operat- 
ing conditions closer to the possible limits of pres- 
sures, temperatures and strengths of materials, closer 
coordination of all equipment becomes essential. 
Automatic combustion control is already maintain- 
ing steam pressures with only a pound or two of 
variation, but steam temperatures still show con- 
siderable variation, part of which is due to imper- 
fections in boiler feed control which must be 
improved if the development is to go forward. 
Realizing this fact, manufacturers who have special- 
ized in feed water regulation for many years are 
spending large sums of money in research and de- 
velopment work and are cooperating with operating 
engineers in modern stations with very gratifying 
results. 





CORRECTION 


The article by H. D. Savage on “Recent Develop- 
ments in Stoker Design,’’ published on page 40 of the 
November 1929 issue of Comsustion was the full 
text of the paper prepared for A.S.M.E. Fuels 
Division and presented at the Third National 
Fuels Meeting in Philadelphia in October. 

Through an oversight the details, concerning the 
origin of Mr. Savage's paper, were omitted, and it is 
hoped that this correction will come to the atten- 
tion of all who read the article. 
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Welded 


Forge welded boiler drum 54 in. diameter, 29 ft. long, 2 3/32 in. thick, for 400 lb. 





working pressure, completely annealed 


Boilers 


By E. R. Fisx 
Combustion Engineering Corporation, New York 


HE idea of fabricating high pressure steam 

boilers by welding processes is not new. It 

has, however, been practiced to a considerably 
greater extent abroad than in the United States. 
There have been some serious failures of welded 
boilers that have to a very great degree discouraged 
its use here. So far as the writer is aware, there are 
no high pressure boilers constructed by the fusion 
welding process in this country but there are some 
forge welded ones. Therefore, so far as the adapta- 
tion of welding processes to actual boilers is con- 
cerned, there is but little to discuss. You will note 
that reference is made to high pressure boilers, for 
the above statements refer only to boilers which are 
designed to carry pressures in excess of fifteen pounds 
per square inch. 

Low pressure boilers used practically exclusively 
for heating purposes are manufactured on a produc- 
tion scale in tremendous volume without the use of 
any riveting whatever. 
This of course involves “4 
only relatively light plate, 
rarely over 7/16 in. thick. 
The A.S.M.E. Boiler Code 
for Low Pressure Heating 
Boilers specifically recog- 
nizes the progress of the art 
by permitting this method 
of joining low carbon steel 
plates in fabricating boilers 


Fish’s analysis of this 
by interesting facts an 
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The subject of welding, by whatever method, 
is of primary importance in the power plant 
practice of today. We are in the midst of a 
movement in the manufacturing technique of 
pressure vessels that has by no means reached 
its conclusion. Whether welding will ulti- 
mately replace older fabricating methods, 
and what method of welding may lead in 
practicability, are problems of the hour. Mr. 
— is supported 


be of value to every reader. 


of this class. There are literally thousands of welded 
heating boilers in use with a very gratifyingly low 
record of failures. But it is with power boilers that 
we are now particularly concerned. First let us 
examine the hazards involved. As the pressure in- 
creases, the boiling point of water rises. If the pres- 
sure be reduced, the stored heat immediately evapo- 
rates a portion of the water and if the reduction of 
pressure is sudden there is created an explosive action 
similar to that of gun powder. Professor R. H.- 
Thurston some years ago calculated the stored energy 
in boilers which very clearly illustrates why boiler 
failures are so disastrous. 

This energy is divided between the steam and 
water. For each pound in weight, that in the steam 
is very much greater at the usual operating pressures 
than in the water, but as the number of pounds of 
steam in a boiler is much less than the weight of 
water, the total energy in the latter is far greater 
than that in the steam and 
hence has the greatest de- 
structive power. To give 
an idea of these quantities, 
the table on the following 
page has been prepared. 
These figures are approxi- 
mate only and should be 
regarded as merely indica- 
tive of the actual relation- 
ship. 


his conclusions will 
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When reduced to Atmospheric Pressure and 212°F, 
P: +g Available Energy in Ft. lb. in 
Gauge 
One Ib. One Ib. 30,000 |b.* go Cu. ft.* 
Water Steam Water Steam 
5 146 | 16,800 4,380,000 57,500 
25 | 1,600 | 454,000 48,000,000 463,000 
50 | 3,875 | 78,800 | 116,250,000 | 1,064,000 
75 | 6,050 | 94,800 | 181,500,000 | 1,740,000 
100 | 8,100 | 106,000 | 243,000,000 | 2,460,000 
200 | 15,000 | 130,000 | 450,000,000 | 5,475,000 
500 | 30,100 | 166,000 | 903,000,000 | 16,400,000 
1000 | 49,000 | 180,000 |1,470,000,000 | 35,650,000 

















*Typical 500 H.P. water tube boiler. 


One of Dr. Thurston’s concrete examples is of a 
water tube boiler of 3000 sq. ft. of heating surface 
ordinarily referred to as a300 hp. size and at too lb. 
working pressure, a very low one today, in which 
there would be available stored energy in the water 
and steam of nearly 110,000,000 foot pounds. If sud- 
denly released and all applied to moving the boiler 





structure this energy could project the boiler to a 
height of over 2000 ft. 

It will be evident therefore that the destructive 
potentialities of high pressures are very much greater 
than at the lower pressures. It is because of this con- 
sideration of disastrous possibilities alone, that those 
in authority have been unwilling heretofore to ac- 
cept any welding except forge welding in the 
construction of high pressure boilers. Records are 
replete with failures of autogenously welded pressure 
containers, the reasons for which may be attributed 
to the relative inexpensiveness and ease with which 
anyone can set up a welding shop, and to the rapid 
expansion of the use of welding in fabricating con- 
tainers and pressure vessels of many kinds This has 
resulted in the establishment of many shops to fabri- 
cate vessels of this sort, frequently without proper 
precautions as to the competency of the welders and 
methods and often without an appreciation of the 
responsibilities involved. In addition, there has been 
the necessity of learning by experience, by even the 
most conscientious and painstaking fabricators, how 
to solve the problems that developed. It is now 
recognized that sufficient progress has been made to 
justify serious consideration of the application of 
this kind of welding as it relates to boilers. But it 
may be asked, why the necessity for departing from the 
long accepted and practiced method of joining plates 
by tried and true riveting? There are two reasons: 
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Fig. 1—Chart showing available energy in steam and water under pressure per pound and for 500 bp. boiler containing 
approximately 30,000 lb. of water and 90 cu. ft. of steam 
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(1) The rapid development of power plant prac- 
tice, particularly the adoption of the steam turbine, 
made unforeseen demands on the boiler makers. 
Unheard of volumes of steam per hour were insist- 
ently demanded. When reciprocating slow speed 
engines were the prime movers, the engine room was 
the dominating part of a power plant as regards 
space. Pressures and steam temperatures were also 
limited. But the turbine entirely upset the situation. 
Requiring only possibly one-tenth the space needed 
by the old engines of the same capacity, the boiler 
room became dominant as to space, and efforts were 
directed to getting more and more steam from single 
units both by increasing the steaming capacity and 
the size of boilers. Had that been the limit of the 
demand it would not have been so hard on the boiler 
manufacturer, but the economy of and consequent 
demand for higher and higher pressures very greatly 
complicated the manufacturing problems which had 
to be faced. It is the cylindrical drums that consti- 
tute the greatest difficulty. Practical considerations 
limit the thickness of plate which can be satisfactor- 
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Fig. 2—Forge W élding of plates of ordinary thickness 


ily riveted to about two and one-half inches and there 
are but few shops that can go that high. Couple this 
with shell lengths up to 40 feet or more and it be- 
comes evident such structures are not easily made. 
For riveted construction, the usual diameters of 
drums therefore limit possible pressures to the order 
of 600 Ib. per sq. in., which, however, is not now 
regarded as very high. There are a dozen or more 
large units running today at 1200 lb. to 1400 |b. 
and three in process of installation to carry 1840 lb. 
The thickness of shells for such pressures is over 5 
inches, quite beyond any possibility of riveting. Up 
to the present all such are seamless, forged from a 
single ingot with the heads integral. However, high 
pressure chambers for oil refineries with wall thick- 
nesses up to five or six inches have been fabricated by 
fusion welding. All such are made of several plates 
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formed to shape hot and rigidly held in place while 
being worked on. There are a great’number of pres- 
sure stills of this type in use and the reported failures 
are very few. Good evidence of the sufficiency of 
good welding. 








Fig. 3—Thick plates are planed down near the edge in 
preparation for forge welding 


(2) The mysterious cracking of plates of boiler 
drums at first in some isolated and fairly well defined 
localities and later much more widely distributed, led 
to investigations that indicated quite positively that 
certain water characteristics are the principal causes 
of this cracking which always occurs where plates, 
rivets or tubes are in close contact. This theory has 
become generally known as caustic embrittlement 
and will be referred to hereafter as plate embrittle- 
ment. 

It has been the thought of some engineers that the 
elimination of riveted construction would avoid 
trouble of this kind. However, it can be greatly 
minimized if indeed not entirely avoided by inside 
calking as is now quite generally practiced. The 
need for welding instead of riveting in order to pre- 
vent possible embrittlement, in the plate thicknesses 
that admit of either method of construction, is there- 
fore not necessarily demanded although some prefer 
not to take any chances whatever. The possibility of 
this phenomenon appearing in all types of fabrication 





Fig. 4—Preparation of plates for welding for 7 ft. 7 in. diameter 
pressure still. Plates are 41/4 in. thick 
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is always present at the tube holes, since the method 
of inserting and rolling tubes is identical for all. 

The application of welding to boiler fabrication 
may be divided into two principal classes with pos- 
sible third and fourth minor ones—forge or hammer 
welding, autogenous or fusion welding, electric re- 
sistance welding and Thermit. The former is hoary 
with age, having been used since the beginning of the 
art of the working of iron and steel. However, the 
problems involved in welding the edges of long 
plates is quite a different matter from that of limited 
areas. But the reasonable certainty with which the 
edges of plates may be joined by this process caused it 
to be permitted, although with restrictions. The 
quality of the steel best suited to this purpose is such 
as to give physical characteristics less than the regu- 
lar flange or firebox qualities. To be readily weldable 
the carbon content must not exceed .15 percent and in 
consequence the tensile strength runs from 45,000 lb. 
to 55,000 lb. as against a range of 55,000 lb. to 
65,000 Ib. for firebox quality. The maximum thick- 
ness of plate that can be forge welded is about 2 
inches and present facilities limit the length to 30 





Fig. 6—Welded gas containers, 7 ft. diameter, 35 ft. long, of 
Ye in. plate, showing preferable shape of heads, method of 
attaching heads, and reinforced manhole 
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Fig. S—Forge welded boiler drums 36 in. diameter, 45 ft. 9 in. long, made with 1 13/16 in. plates and tested to 1000 Ib. pressure 


feet. It will be seen therefore that this method as 
applied to drums is limited to pressures of about 500 
Ib. It is also used to a considerable extent in the 
manufacture of headers for water tube boilers but 
that is quite a specialized branch. Recognizing that 
there is some uncertainty as to the integrity of the 
weld, the unit stress to be used in making calculations 
is limited to 7,000 pounds as against 11,000 lb. for 
riveted joints and flange or firebox quality of plate. 

The second welding process is the autogenous, 
either electric or oxyacetylene wherein extraneous 
metal is introduced to affect the bond between the 
edges. It will be appreciated that the thicknesses 
concerned are such that the weld metal must be de- 
posited by a series of operations and that its mass is 
considerable. In the course of its operation, a boiler 
is subjected to many unmeasurable stresses and dis- 
tortions of shape due to pressure and temperature 
changes. It is because of these that ductile material 
is so essential. It is imperative that the weld metal 
shall partake to a reasonable degree of the physical 
characteristics of the base metal. Only in this way 
can freedom from the effect of the localization of the 
unknown stresses be assured. Until very recently the 
character of the deposited metal has been uncertain 
and variable. Improvements in both methods and 
material now make it possible to meet the require- 
ments. In order to insure uniformity in such large 
welds, automatic welding machines are highly de- 
sirable although not absolutely necessary. Fortu- 
nately it is not likely that there will be defects at the 
same place in each of the layers so the risk of a poor 
weld is minimized. 

The third method which is of very limited scope is 


electric resistance welding which has been recognized 


as the equivalent of forge welding. It is as yet appli- 
cable only to the joining of very small surfaces and 
hence is not included as one of the methods for fabri- 
cating large drums or other parts. 
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The fourth method of welding the edges of plates 
is by the use of Thermit. This has been talked of but 
experiments of only the most primary character have 
as yet been made so the idea is in the preliminary 
stage. To it will doubtless apply the same restrictions 
as affect the fusion method. It has the advantage 
that the nature of the deposited metal is more readily 
controlled than is the case with the others. The cost 
however would probably be against it and outweigh 
the advantages. It is mentioned herevas a possibility. 

The local heating of large plates inevitably sets up 
stresses in the colder parts contiguous to the welds 
and which must be relieved before being put to use. 
It is therefore necessary to ‘‘stress relieve’’ the 
structure when the welding is completed. From the 
dimensions heretofore given it is evident that a very 


should be one of the first problems to be considered. 
The inspection of welding includes not only the loca- 
tion of pockets, cracks, inclusions, overlaps, etc., but 
also the detection of unwelded surfaces which fre- 
quently are held in intimate contact under heavy 
pressure produced by shrinkage in cooling the weld. 
The following research item had as its object the in- 
vestigation of this phase of the problem. 

‘The faces of two 1 in. steel cubes were so accu- 
rately ground, lapped and polished that they fit per- 
fectly over the entire surface, it being possible to lift 
one cube by its well-known adhesion to the other. 
The polished surfaces were then carefully washed 
with ether to remove any trace of grease or dirt. The 
cubes were now pressed together between two copper 
outer terminal pads with a pressure of 5,000 lb. A 





Fig. 7—Large annealing furnace. The welded still is 7 ft. 7 in. diameter, 33 ft. 2 in. long, of 41/4 in. plates, and 
is tested to 1580 lb. pressure 


large heating furnace will be a necessary part of the 
equipment for any shop which may undertake to 
make welded drums by whatever method. 

How can the soundness of a welded vessel be as- 
sured is an inevitable question. It has been asked 
innumerable times and a satisfactory answer must be 
given but about this there are wide differences of 
opinion. It is of course manifestly impossible to in- 
vestigate every weld by cutting at frequent intervals 
or by testing to destruction. A non-destructive test 
that will prove the integrity of the weld with reason- 
able certainty is required. It has been proposed and 
practiced to some extent to vigorously hammer the 
weld or the immediate vicinity while under a test 
pressure of twice or more the designed working pres- 
sure. Exception has been taken to this practice. 
There have recently appeared two suggestions for 
other methods. One is a modification of the Sperry 
scheme for detecting defective rails. There follow 
extracts from a paper by Mr. Sperry. 

‘With the successful application of the electric 
method of inspection to the examination of rails in 
track it was but natural that the inspection of welds 
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current of 100 amperes was passed through the block 
and the average voltage drop noted over unit lengths 
of the sound metal at different points, then over the 
same unit length containing the junction of the two 
blocks. Here were two surfaces as nearly perfect as 
could be made, pressed together with 5,000 Ib., yet 
the electrical resistance of the unit length containing 
the gap was one hundred seventy-five times the re- 
sistance of an equal length of sound metal. This 
demonstrates that the electrical method is applicable 
to the detection of any interruption of the molecular 
continuity of a metal. Many fissures are practically 
sub-microscopic. 

‘The initial work on the testing of welds by the 
electric method was performed on welds joining one- 
half inch cold rolled plates. Both gas and electric 
welds were tried, each sample containing a hidden 
defective spot. An adaptation of the standard test 
method was quickly developed, which made possible 
the accurate location of the defective spots. This 
method is not only applicable to welded plates, but 
may be applied to the inspection of welded drums, 


Pipes, etc. 
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‘A. plant has been constructed for testing welded 
joints of plates up to between three and four inches in 
thickness and forming drums of different diameters. 
The inspection to date is found to be accurate and 
dependable. It goes forward at a rapid pace and gives 
an ink record which is in the nature of a certificate of 
complete soundness of the weld. This apparatus is 
capable of adjustment so as to record very minute de- 
fects or it will record only those exceeding a certain 
predetermined area or percentage of a unit length of 
weld equal to the plate thickness. This widens out 





Fig. 8—Application of hammer test to welded vessel 
under pressure 


the adaptability and usefulness of the method. The 
circumferential seams are serviced without difficulty, 
sometimes more easily even than those running longi- 
tudinally as they require less length of primary con- 
ductor and less flexibility, but this is a minor detail. 

‘‘It would thus seem that the time is close at hand, 
if it has not already arrived, when by a simple com- 
bination of a well-known group of scientific facts and 
elements we are able to ascertain the internal struc- 
ture throughout any weld or any critical part thereof, 
thereby finally establishing its complete integrity 
and freedom from hidden flaws of any type, estab- 
lishing it as a one hundred per cent union throughout 
its entire extent longitudinally. 

“It is believed that electrical inspection should 
follow closely the welding process, especially on 
structures, so that if a hidden defect is discovered it 
can at once be dug out and corrected on the spot, re- 
inspected, and the process repeated until a one hun- 


dred per cent weld is secured. It is hoped that the - 


great ease with which the complete soundness of 
welds may quickly be tested and a permanent record 
secured by so simple and straight-forward a method 
will give welding a new impetus and by removing 
uncertainties will broaden its scope of application 
and usefulness.” 

The other method, based on sound transmission by 
the metal, using an ordinary physicians stethoscope 
and the X-ray, was developed by Kinzel, Burgess and 
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Lytle of the Union Carbon & Carbide Research Labo- 
ratory, from whose paper the following is quoted: 
‘In searching for a non-destructive test of welds, 
the use of sound transmission or sound characteristics 
of the joint as affected by discontinuities and irregu- 
larities was investigated. It is known that the pres- 
ence of a serious defect in a vessel can often be deter- 
mined by its ring. The village blacksmith used this 
principle when he hammered metal cold on the anvil 
to test it by ring. In sounding a tank, however, 
there are a great many difficulities to be encountered 
due to the forced and natural vibrations of the tank 
and the tendency for the natural vibration to drown 
out all other sounds. The authors have used the 
stethoscope to overcome these difficulties. The in- 
strument consists of the ordinary physician's appara- 
tus, with a gum rubber tip to exclude extraneous 
sounds and give contact on the irregular surface of 
the plate, as well as to minimize dampening of the 
oscillations at the contact of stethoscope and metal. 
The drum, pipe or plate in question is struck with a 
small hammer at the spot to be tested. The weight 
of the hammer and force of the blow depend upon the 
thickness of the plate, and the stethoscope is applied 
to the tank in the general vicinity of the striking 
zone. The sound heard at the instant of first tapping 
the joint is criti¢al and is a function of the character 
of the material at the spot struck. Shortly after the 
tapping, the waves are reflected and the sound picked 
up by the stethoscope becomes a composite of the 
natural vibration of the tank as a whole and of the 
forced vibration of the material immediately under 
the striking hammer. When the defect is very serious, 
however, it has a dampening effect on the total 
sound, so that its presence is also clearly evident in 
the after ring. The problem is analogous to that en- 
countered in the well established method of testing 
staybolts by noting the character of the sound on 





Fig. 9—Sperry apparatus for electric non-destructive test 


of weld 


striking. Testing staybolts in this way has proved 
to be very satisfactory. 
‘*Each welded structure has a characteristic sound. 
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After this is determined by brief preliminary tests, the 
striking hammer and stethoscope are moved along 
the weld so that any irregularities are discernible. 

‘The nature of the defects located by the stethoscope 
is of decided interest. Lack of fusion, particularly at 
the bottom of a V or along the scarf, gives a charac- 
teristic reedy, high pitch, initial note. In many in- 
stances, the points at which welding was started and 
stopped and where tacks have been made are also 
discernible with the stethoscope, but the character- 
istic tone is such that these points are readily differ- 
entiated from lack of fusion. To date the authors 
have been able to check each other in most satisfac- 
tory manner in the testing of welded plates, pipes, 
pressure vessels and welded structural joints. 

‘X-Ray Examination—This method may be used 
either in conjunction with the stethoscope or as an 
independent sampling method. In the past most of 
the X-ray work on welds consisted in taking radio- 
graphic pictures through the weld, the X-rays pass- 
ing in a line normal to the plane of the plate. Asa 
result, some idea of the porosity is noted, but the 
lack of fusion on the scarf in V welds is not clearly 
registered on the film. By taking two photographs, 
one with the X-rays passing parallel to one scarf and 
one with the X-rays parallel to the other scarf, in 
addition to the photograph normal to the weld, this 
difficulty is eliminated. Thus, if there is lack of 
fusion with or without thorough penetration at the 
bottom of the V or along the face of the scarf, X-rays 
pass along this plane unabsorbed and leave their 
characteristic dark mark on the developed film. 
From the appearance of the films and a knowledge of 
the plate metal and welding rod used, the ultimate 
strength of the weld may be estimated with consid- 
erable accuracy after a little experience. 

“*A number of welded single V and double V coupons 
were X-rayed in the manner described, and the_ulti- 





Fig. 10—Recording mechanism of Sperry test apparatus 


mate strength estimated from the films. In order to 
have some poor welds in the series, a number were 
taken from the work of welders who had failed to 
pass the test required to qualify them for important 
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work under procedure control. The authors had no 
knowledge of the condition of any particular weld 
prior to the X-raying. The coupons were then 
pulled in the tensile testing machine and the actual 
strength and the estimated strength compared. 

‘*The concordance of estimated and actual strength 
of the coupons tested is remarkable, and a maximum 
deviation of 3,000 Ib. per sq. in. resulted. In a 
50,000 Ib. per sq. in. weld, this is within six per cent 
of the actual value.@ 





Fig. 11—Non-destructive test of weld by sound 


‘The general plan for a complete method of non- 
destructive testing of pressure vessels consists in 
going over the welded joints with the stethoscope 
and then making X-ray examinations of any points 
in question. 


Conclusions 

‘*(1) Defects in line welds, girth seams or structural 
joints may be detected by the use of the stethoscope. 

‘‘(2) A quantitative estimate, good within 3,000 
Ib. per sq. in. of the strength of the weld can be 
obtained from X-ray photographs made in accord- 
ance with the above-described method. 

‘‘(3) A combination of the use of the stethoscope 
and X-ray constitutes a satisfactory quantitative non- 
destructive method of testing welds.’’ 

The complete papers describing these methods 
were presented at the recent fall meeting of the Amer- 
ican Welding Society and appear in the September 
1929, number of its journal. These developments are 
cited to show that some of the uncertainties as to the 
soundness of welds can be definitely removed and 
that the problem is well along toward solution. 
Assurance that a weld is perfect will go far in further- 
ing the willingness of insurance companies and boiler 
users to accept this method of construction. Both of 
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the methods referred to as well as the hammer test 
are practicable shop operations. 

If fusion welded drums are permitted as is quite 
likely in the not distant future, it will inevitably be 
under drastic restrictions that will prevent any but 
adequately equipped shops, both as regards men and 
machines, from attempting to manufacture by this 
process. The tentative draft of the regulations now 
under consideration by the A.S.M.E. Code Committee 
is of interest. The following are the principal points: 

Test plates from which specimens may be cut will 
have to be welded at the same time and under the 
same conditions as the shell. 

Tension tests must be made which should fail in 
the plate but if failure occurs in the weld the stress 
must not be less than the mean of the range for the 
plate. 

Bend test specimens transverse of the weld must 
bend cold under free bending conditions until the 
stretch on the surface is thirty per cent with width of 
surface cracks deducted, none of which shall be 
longer than ten per cent of the width of the specimen. 

Impact test specimens from the bottom, middle and 
top shall have a minimum Charpy value of 20 ft. Ib. 

Chemical analysis of weld metal with maximum 
requirements for manganese, phosphous, sulphur and 
iron nitride. 

The complete welded structure shall be heated uni- 
formly to certain specified temperatures for different 
thicknesses, but averaging about 1,100 degrees fahr. 
and held for one hour per inch of thickness for the 
purpose of relieving stresses due to welding. 

The welded joints shall be explored by means of 
some form of non-destructive apparatus as will deter- 
mine quantitatively the size of a defect. 

After being stress relieved the vessel shall be sub- 
jected to 10,000 applications of hydrostatic pressure 
varying in a cycle from zero pounds to one and one- 
half times the working pressure after which the 





Fig. 12—Finished vessel 5 ft. diameter, 30 ft. long, of 3/, in. 
plates, forge welded 


welds shall again be explored by the non-destructive 
test apparatus. 

Make macro and micro-photographs to show free- 
dom from excessive porosity, incomplete fusion, 
laps, etc. 

No holes shall be located in a weld nor shall a hole 
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be nearer to the edge of the weld than the thickness 
of the plate with a minimum of one inch for plates 
less than one inch thick and two inches for plates of 
that thickness. 

When constructed in accordance with the proposed 
specification the maximum unit working stress may 
be taken as 16 per cent of the minimum of the 
specified range for the plate. 

It must be understood that these provisions have 
not been adopted and many of them may be changed 
or omitted and still others may be added before a 
final conclusion is reached. It is even possible that 
there may be enough objection raised so that a code 
acceptable to all the varied interests concerned can- 
not at this time be agreed to and that the matter will 
therefore be more or less indefinitely delayed. 

It will be evident from the foregoing that at pres- 
ent with the exception of forge welding, high pres- 
sure boilers may not be made otherwise than riveted 
or seamless, but that progress is being made and that 
probably fusion welding will soon receive recogni- 
tion in the boiler field. 

While the A.S.M.E. Code does not now sanction 
the use of fusion welding subject to major stresses, 
revisions have been made that permit its use in many 
minor ways, particularly in small firebox types of 
boilers. In these the bottoms of waterlegs, firedoor 
openings, furnace sheets, etc., may be welded pro- 
vided the surfaces are adequately supported otherwise. 
Also attachments of various kinds can be affixed by 
welding, thus avoiding riveting that not infrequently 
causes annoyances by leaking besides being cheaper 
and really better. It will then be seen that the Code 
Committee has been relenting in its attitude toward 
welding and is apparently on the verge ofa major leap. 

At about the point where it is no longer possible 
to use riveted construction it becomes practicable to 
use seamless forged drums, the most ideal structure 
for the purpose that can be imagined but very expen- 
sive. We have therefore welded construction in op- 
position to riveted and seamless for the whole range 
of thicknesses and the choice will be determined to a 
great extent if not entirely on the relative costs. 

Where conditions are such as not to make welded 
construction either forge or fusion of paramount im- 
portance and first cost is a prime consideration riv- 
eted work will continue to be used. Roughly the 
former costs from two to three and one-half times 
that of the latter. That this disparity may in time 
be lessened is probable but just now it is a real factor 
in making a decision. 

The progress of the welding art is so rapid that any 
developments of the past can be of value only his- 
torically. The attempt has been made herein to deal 
only with the immediate present and imminent 
future without rehearsing the steps either at home or 
abroad of the ladder of experiences on which present 
knowledge and practice has mounted to its present 
status. It is hoped that what has been said will be 
of some interest and service to all. 
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Combined Low Temperature Carbonization 
and Combustion for Power Stations 


‘Rapid “Developments 






in (onjunction with 


Mechanical Stoker Operation 


By Davip Brownz, London 


E may expect that one of the next general 

W advances in steam power station practice 

will be combined low temperature car- 
bonization and combustion so as to recover all the 
valuable by-products that at present are consumed 
as mere fuel. The subject is perhaps not quite so in- 
teresting in the United 
States, with abundant 
petroleum oil for Diesel 
engine fuel, as in most 
other countries of the 
world, particularly Great 
Britain, France and Ger- 
many, but recently it has 
been brought prominently 
to the front because of the 
enormous increase in the 
size of individual power 
stations. 

Not so many years ago a consumption of 200 to 
400 tons of coal per 24 hours was considered a large 
figure for a single station, but to-day 2000 to 4000 
tons of coal are being burned per 24 hours, and under 
these conditions, with the whole of the mechanical 
handling and conveying plant already installed, it is 
obvious that the addition 
of low temperature carbon- 
ization, integral with the 
boiler setting, is a compara- 
tively easy step. 

In commercial practice, 
a bituminous coal having 
an average of 25 to 35 per 
cent volatile matter, will 
give per ton (2240 Ib.) 
processed by low tempera- 
ture carbonization at 1000 
deg. fahr. (540 deg. cent.) 
about 4oo cubic feet of rich 
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gas averaging 7oo B.t.u. ae 


per cubic foot, 2 to 3 gallons 


The review of English and forei 
discussed in this article must not > 
with the requirements of American practice. 
Abroad both the gas and the coke from the 
carbonization processes are consumed as fuel 
in the plant, and profits are derived from tar 
and light oils, whereas in America the plen- 
tiful petroleum supply reduces the value of 
tar and light oils, and compels credits from 
the gas generated. This throws the foreign 

ractice out of line for our uses in America, 

ut Mr. Brownlie’s review is nevertheless of 
great interest as a picture of foreign condi- 

tions and foreign practice. 
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combine low temperature carbonization with com- 
bustion in such a manner that all of the coal is first 
subjected to carbonization at a temperature of about 
tooo deg. fahr. (540 deg. cent), the residual solid 
fuel being burned under the boilers, along with the 
gas, from which the Jow temperature tar and light 
oils have previously been 
extracted by condensation 
and scrubbing. 

In this way, a very large 
super-power station burn- 
ing 2000 to 4000 tons of 
coal per 24 hours will give 
during this time from 4oco 
to 10,000 gallons of crude 
light oil and 30,000 to 
80,000 gallons of tar, of 
which at least 50 per cent, 
that is, 375 to 1000 barrels, 
is available for use in Diesel engines. This will per- 
mit the use of auxiliary Diesel engine equipment to 
take the peak load, so that the steam plant can run 
under uniform load conditions. 

Since power station boiler plants to-day are being 
fired according to two distinct methods, that is, me- 
chanical stoking and pul- 
verized fuel, it is obvious 
that combined low temper- 
ature carbonization and 
combustion must be per- 
fected for both of these 
general systems. An at- 
tempt will now be made to 
give in concise form the 
present position through- 
out the world with regard 
to combined low tempera- 
ture carbonization and 
combustion using mechani- 
cal stokers. It should be 
emphasized that this com- 
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of light oils scrubbed from 
the gas, 15 to 20 gallons of 
tar (having less than 50 
per cent pitch), and about 
1570 lb. (7o per cent) 
smokeless fuel with 10 to 
12 per cent volatile matter. 

The basic principle is to 
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Fig. 1—Original Pinisch installation at the Lichtenberg Power 
Station, Berlin, in connection with Steinmuller boilers 


bination is not new, as 
generally imagined, but has 
occupied the attention of 
inventors for over half a 
century. 

At the present time there 
are in operation the Bab- 
cock or Merz & McLellan 
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process in Great Britain, the Pintsch and Hanl proc- 
esses in Germany, and the Hereng process in France. 
In each of these low temperature carbonization is 
carried out in retorts located in front of the boiler 
setting, and all the solid low temperature fuel is 
burned on traveling grate stokers. Another interest- 
ing application of a low temperature carbonization 
process that is operating under power station con- 
ditions, is the Salerni process at the Langerbrugge 
Power Station in Ghent (Belgium). 

Naturally any low temperature carbonization proc- 
ess can be installed in the sense of having a plant 
located alongside a power station and delivering to 





it the solid fuel and gas, but we are more concerned 
at the moment with combined carbonization and 
combustion in an integral plant. There are certain 
processes that, while largely intended for individual 
or separate operation, are also peculiarly suited for 
combination with present power station practice, of 
which the Salerni and Wisner are examples, and 
certain other processes have not yet actually been 
employed in this connection. 

What is now termed the Babcock process in Great 
Britain has operated under commercial conditions 
since 1925 at the Dunston Power Station of the New- 
castle-on-Tyne Electric Supply Co. Ltd., where there 
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Fig. 2—T ypical arrangement of Babcock or Merz & McLellan carbonization installation at the Neptune Bank Power Station, 
Newcastle-on-Tyne, England, showing air prebeaters, retort, and stand-by producer 





COMBUSTION — December 1929 





is an installation of three boilers equipped with 
retorts having a total throughput of 100 tons of coal 
per 24 hours. The process was originated by Merz & 
McLellan, whose patents on the subject date from 
1917. Incidentally, the retorts were first installed at 
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Fig. 3—Hanl carbonization process as arranged for direct 
operation with chain tee at Gleiwitz in upper 
ilesia 


the Neptune Bank Power Station and then later at 
the Dunston Power Station, both in Newcastle-on 
Tyne. In 1928 the process was taken over by Babcock 
& Wilcox, Ltd., and it is understood that the present 
plant of 100 tons of coal per 24 hours is now to be 
extended. 

The principle of this process consists in the use of 
mechanically continuous, vertical, wide diameter, 
internally heated retorts located in front of the 
water-tube boiler setting, and heated by means of 
a mixture of combustion gases and exhaust steam at 
about 1200 to 1290 deg. fahr. (650 to 700 deg. cent.), 
which passes up through the descending charge of 
fuel. Asa rule the heating medium is made by burn- 
ing part of the residual gas in a small firebrick com- 
bustion chamber and then diluting with exhaust 
steam to give the exact temperature. The incoming 
taw coal from the hopper is passed down through 
the preheating device and raised to about 250 deg. 
fahr. (120 deg. cent..), so as to drive off all the mois- 
ture content, together with some of the low-grade 
gases, before actually passing into the retort. 

In the original design the hot, low temperature 
fuel passed from the bottom of the retort directly 
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into the closed hopper of the chain grate stokers, but 
it is stated that the latest practice is first to quench 
the coke separately with cold water. The installa- 
tion also includes a producer gas generator for start- 
ing up, together with the usual cooling, condensing 
and scrubbing plant for the recovery of the tar and 
light oils, the gas being returned to the boiler plant 
and used, as indicated, in the separate combustion 
chamber. 

The average yield from 1 ton (2240 lb.) of North- 
umberland Rough Smalls, 30.8 per cent volatile 
matter and 10.9 per cent ash, based on the results of 
experience in burning about 30,000 tons of coal, is as 


follows: 
60 er ey 
— mixed very low- 
grade gas, 80 B.t.u. 
cu. aon all burned 
der boilers. 
(2) Light Oil— 
(a) Scrubbed from gas. ... 2.0 gallons. 
(b) Fractionated from tar. 2.7 gallons. 
OR 1 Peas; 
(4) Sulphate of ammonia. ......Not recovered. 
(5) Smokeless fuel (estimated)..1570 lb. (7o per cent), 
all burned under the 
boilers. 


On the basis of producing from raw coal a quantity 
of smokeless solid fuel and gas, equal in heat value 
to raw coal, the total operating and maintenance 
charges of the plant are about $1.12 per ton, and the 
net profit is about $0.71 per ton. It should be noted 
that the conditions in such a small plant are very un- 
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Fig. 4—A Paris installation of the Hereng carbonization process 
for operation with water tube boilers 


favourable for maximum economies, and that in 
a large super-power station the labor and cther 
costs per ton of coal would be considerably reduced. 

The Pintsch process is also an important develop- 
ment. It was originated about 1918 by Julius 
Pintsch, A.G., of Berlin, the first installation having 
been made in 1919 at the Lichtenberg Power Station 
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in Berlin with two Steinmuller water tube boilers, 
each having 5380 square feet of heating surface. 
Nine or ten other Pintsch plants are now in operation 
in Germany, Norway and Upper Silesia, particularly 
at collieries and for the use of low-grade fuels. 

In the Pintsch method a very short, wide-diameter, 
vertical retort is located in front of the boiler setting. 
Carbonization of the descending raw coal is effected 
at about 1000 to 1250 deg. fahr.(5 40 to 680 deg. cent.) 
by passing up through it from 10 to 20 per cent of the 
hot flue gases fromthe endof the combustion chamber, 
which amounts to 35,000 to 45,000 cubic feet of gas 
per ton of raw coal. In this case the average yield 
obtained from one long ton (2240 lb.) is as follows: 


(2) Gas... 0.0. ce civ eceece oo «+ 30,000 Cubic feet of mixed 
low grade gas, 110 B.t.u. 
tr cu. foot, all burned 
under the boilers. 
(2) Light Oil— 
(a) Scrubbed from gas. .. .Not recovered. 
(b) Fractionated from tar. Not recovered. 
D POR eet asad Vabsagess Ue ee: 
(4) Sulphate of Ammonia....... Not recovered. 
(5) Smokeless fuel (estimated) .. 1570 lbs. (70 per cent). 


The new Hanl process in Germany is of particular 


interest. This process has been in development by 
Antoni Hanl since 1925 at Gleiwitz in Upper Silesia, 
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Fig. 5—Installation of Salermo low temperature carbonization 
retorts in connection with stokers at the Centrales Electriques 
des Flandres, Ghent 


and although primarily intended for integral opera- 
tion with water-tube boilers, the retorts can also be 
operated separately for the production of solid 
smokeless fuel. The Hanl retort is a short, wide- 
diameter, pot-shaped, cast iron unit, provided with 
heavy cast iron agitators having short transverse 
blades, so that the charge during carbonization is 
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given thorough and violent agitation. Coking or 
semi-coking bituminous coal dust and fines are used, 
of an average size below 0.40 in diameter, and under 
these conditions the particles, when they become 
plastic, are continuously kneaded by the agitators 
into comparatively large-sized pieces which are dis- 
charged continuously from the bottom of the retort. 








Fig. 6—Detail of trough and seal used in the Salermo process 


The connection for water-tube boiler operation 
consists of a gas-tight fuel hopper above the travel- 
ing grate stokers, the raw coal being fed in at the 
top. The heating of the retort is secured by blowing 
in a certain amount of air so as to give partial gasifi- 
cation. The apparatus is arranged so that air can be 
mixed with hot combustion gases or with steam, and 
all the mixed gaseous and volatile products are then 
discharged to a condensing plant for recovery of the 
tar and light oils, and the gas returned to the boiler 
setting. A plant incorporating these principles has 
been operating since about 1925 at Gleiwitz. 

The Hereng process is a very recent development in 
France, originated in 1928 by Andre Hereng of Paris, 
and the basic principle is the use of an ordinary chain 
grate or traveling grate stoker extended to about 
twice its ordinary length, projecting from the front 
of the boiler setting. The setting is such that the 
first half of the grate travel is used for low tempera- 
ture carbonization and the second half burns the 
residual solid smokeless fuel in the boiler combustion 
chamber. The heating is carried out by using part 
of the residual gas, which is burned in a carbonizing 
compartment, together with re-circulation of addi- 
tional cold gas to insure the carbonization being car- 
ried out at from 1000 to 1100 deg. fahr. (540 to 600 
deg. cent..), the mixed gases and vapors being taken 
off from the bottom of the setting and passed through 
a cooling, condensing and scrubbing plant, while the 
cold gas is then partly used in the retort setting, and 
partly burned as fuel in the boiler setting. The ar- 
rangement also includes a vertical type of preheater 
for the coal before it is admitted at the end of the 
setting, and it should be especially noted that the 
one chain grate carries out two entirely distinct 
functions, first low temperature carbonization with 
recovery of the by-products, and second burning all 
the solid low temperature fuel under the boilers. 
While full information is not yet available, the yields 
are said to follow normal practice; i.e.,*14 to 20 gal- 
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lons of tar and 3 to 4 gallons of crude light oil per 
ton of coal carbonized. 

The Salerni process is the invention of Edward 
Salerni, an Italian engineer resident in Paris. This 
process is known in Great Britain as the Salermo. A 
number of commerical installations are operating, 
particularly at Heinitz in the Sarre, for the produc- 
tion of low temperature fuel, which is used for blend- 
ing with Sarre coal, which has a swelling charac- 
teristic, so as to give a coke, in ordinary by-product 
coke oven practice, equal to the finest Ruhr product. 

It will be of special interest, however, to note that 
in 1925 there were installed at the Centrales Electri- 
ques des Flandres at Langerbrugge two Salerni re- 
torts each of 24 tons capacity per 24 hours, using 
mostly coking coals from Poland, and that later a 





while the yield of low temperature fuel is 72 per cent 
of the weight of the raw coal. ‘ According to the 
results at Langerbrugge, 1570 1b. of this smokeless 
fuel accomplishes substantially the same results in 
the boiler, as 1 ton of raw coal, that is, the tar and 
light oils apparently represent the approximate 
profit. 

The basic principle of the Salerni process consists 
in the use of a retort built up of open corrugated cast 
iron troughs, semi-circular in cross section, fixed 
side by side in a row and heated externally from un- 
derneath. Each of these troughs contains an agita- 
tor consisting of a gear driven shaft on which are 
mounted a series of paddles of unusual design. The 
crushed raw coal is fed in along the side of the end 
trough, and then flows over to the next trough and 





Fig. 7—Longitudinal section through the standard Salermo retort 


second and larger plant, with a throughput of 75 
tons of coal per 24 hour's was erected, and is now 
Operating at Langerbrugge. 

The low temperature fuel is fed hot direct froin the 
retorts onto traveling grate stokers at a temperature 
of about 840 deg. fahr. (450 deg. cent.), and contains 
about 18.0 per cent volatile matter and 14.6 per cent 
ash, and has a heating value of 13,140 B.t.u. per Ib. 
The original raw coal averages 34.0 per cent volatile 
Matter, 12.0 per cent moisture and 11.0 per cent ash, 
and has a calorific value of 10,800 B.t.u. per Ib., 
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so on, the charge therefore traveling through the 
setting parallel to the front and at right angles to 
each of the troughs and the agitator shafts, and not 
parallel with the shafts as in the case of most paddle 
conveyor retorts. There is also a pre-heating device 
operating at about 250 deg. fahr. The gases and 
vapors are collected and transferred to a cooling, 
condensing and scrubbing plant. 

In the case of operation separately from the fur- 
nace setting, the hot, solid fuel is discharged to a 
cooling device of the endless chain type. 
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The Loss Due to the Presence of Carbon 






Monoxide in the Flue Gases 


By B. J. Cross 


Combustion Engineering Corporation, New York 


HE loss due to carbon that is only partially 

burned is evidenced by the presence of carbon 

monoxide in the flue gases. When carbon burns with 

a supply of air sufficient for its complete combustion, 

carbon dioxide, CO, results with the liberation of 

14600 B.t.u. of heat per pound of carbon burned. 
This reaction is expressed by the equation: 
C + O, = CO, + 14600 B.t.u. 

If the air supply is deficient, carbon unites with 
oxygen to form carbon monoxide, CO, with the 
liberation of 4440 B.t.u. per pound of carbon. This 
reaction is expressed: 

2C + O, = 2CO + 4440 B.t.u. 

It may thus be seen that when carbon unites with 
oxygen to form carbon monoxide instead of carbon 
dioxide there is a difference in heat liberation of 
10160 B.t.u. per pound of carbon. 

As all of the carbon burned appears in the flue 
gases either as carbon dioxide or carbon monoxide, 
the proportion of carbon that burns to CO is given 

CO 





by the fraction — 
CO, + CO 
The loss in heat is given by the equation: 
CO 

Heat loss in B.t.u. = —————— x Or x Io160 
CO, + CO 
where Cy = the fraction carbon burned per pound of 
fuel fired and 10160 is the difference in the heat of 
formation between carbon dioxide and carbon mon- 
oxide. This formula has been used as a basis for the 
preparation of the accompanying chart. The loss 
due to the presence of carbon monoxide in the flue 
gases may be determined graphically from the curves 
of this chart. The following example is given to 
illustrate the method: 


Carbon burned per pound of fuel.. .70 Jb. 

CO, — per cent by volume....... 13.4 per cent 
O. — percent by volume....... 4.4 per cent 
CO — per cent by volume....... .6 per cent 


Commencing at the bottom horizontal scale, trace 
vertically from the .6 CO point to the line CO, + 
CO = 14%. From this intersection trace horizontally 
to the line CG» = .70. From this intersection trace 
vertically upward to the top horizontal scale which 
gives the loss in B.t.u. per pound of fuel. As in 
previous charts, if Cy is the carbon burned per pound 
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of dry fuel, the result will be in B.t.u. per pound of 
dry fuel. If Cy is carbon burned per pound of fuel 
“as fired’’ then the result will be in B.t.u. per pound 
fuel ‘‘as fired.’’ The per cent loss is of course the 
same in both cases. 


In some of the gaseous fuels such as blast furnace 
gas and producer gas, both carbon monoxide and 
carbon dioxide occur in the fuel as fired. The equa- 


tion as given will, however, still hold true. The 
CO 
fraction for the flue gases represents the 
CO, + CO 


proportion of the total carbon in the flue gas that is 
present as CO. However, as all of the carbon in the 
fuel is in gaseous form and will be present in the flue 
gases, Cb, which has been described as the carbon 
burned per pound of fuel, will in this case be the 
total carbon per pound of fuel, and includes the car- 
bon of the original CO, in the fuel. Thus in a blast 
furnace gas of the following typical analysis: 








Per cent Per cent Per cent 
by Volume _ by Weight Carbon 
CO, 8.3 12.77 3.40 
O, 0.0 0.00 
CO 30.0 29.38 12.60 
H, 2.7 18 
CH, B mF 4 Az 
N,; 58.7 57.50 
100.00 16.12 











C» or carbon burned per pound of fuel must be taken 
as .1612. 


The typical carbon content of the principal fuels is 
given in the following table: 





Anthracite coal 
Semi-bituminous coal .. . 
Eastern bituminous coal . . . carbon 75-80 per cent 
Illinois bituminous coal . . . carbon 60-70 per cent 
Sub-bituminous coal and lignite carbon 40-45 per cent 


carbon 78-88 per cent 
. carbon 80-85 per cent 


a a ce carbon 85 per cent 
a ar carbon 75 per cent 
borat 4 aoe ae carbon 12-14 per cent 
Comeoven Gas 2... ee carbon 50 per cent 


Blast furnace gas carbon 15-16 per cent 
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CHART FOR DETERMINING LOSS DUE TO THE PRESENCE OF 
CARBON MONOXIDE IN THE FLUE GASES 


No. 5 of a series of charts for the graphical solution of steam plant problems 
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Correct Method of Using the Oxygen Bomb Calo- 
rimeter for Determining the Heat Value of Solid Fuels 









By Joun CruisE 


Combustion Engineering Corporation, New York 


furnaces, with regard to both efficiency and 

capacity, has as its basis of measurement the 
British thermal unit, which is usually abbreviated as 
B.t.u. Efficiencies are the ratios of the B.t.u. ab- 
sorbed in producing steam to the B.t.u. in the coal 
fired. Capacities of fur- 
maces are measured by the 
B.t.u. that can be liberated 
within the furnaces and 
made available for steam 
production. 

The British thermal unit 
is defined as the amount of 
heat that must be added to 
a pound of water to in- 
crease its temperature one 
degree fahrenheit. As the 
specific heat of water varies 
slightly with changes in 
temperature, the B.t.u. is 
usually defined as 1/180 of the heat necessary to raise 
one pound of water from 32 deg. fahr. to 212 deg. 
fahr. The value of any other standard of measure- 
ment, such as the pound, gallon or foot, is estab- 
lished in some such definite way. The accuracy with 
which anything can be weighed or measured will 
depend first of all on whether the weight placed in 
one pan of the balance weighs exactly a pound, or 
whether the container used holds just a gallon, or 
whether the scale is exactly twelve inches in length. 
So too, when the B.t.u. per pound of coal is employed 
in measuring furnace performance, the accuracy with 
which the heat value of the coal is determined will 
govern to a considerable extent the reliability of the 
measure of furnace performance. 

In the present day, when rather large sums of 
money are spent on instruments and equipment for 
determining the economical performance of steam 
generating plants, as well as for making comparisons 
of performances of two or more plants, it is important 
to have accurate information regarding the heat 
values of fuels used in the furnaces. The relia- 
bility of the heat values depends on the care with 
which the sample of coal is selected, the apparatus 
used in making the heat value determination, and 
the carefulness of the operator in doing his work. It 
is the purpose of this article to discuss the method 
used and the apparatus employed in making heat 
value determinations and to outline the general 
procedure followed. 


"Tite performance of coal fired steam generating 
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a When fifty or a hundred tons of coal have 
been burned during a boiler test, when ex- 
treme care has been exercised to secure a 
truly representative sample of this coal, and 
when the purpose of the test is accurately to 
measure the usage and losses of the available 
heat generated; it is clear that the determina- 
tion of this original heat in the coal becomes 
a fundamental factor of very great impor- 
tance. If the heat value is not correct, none 
of the calculated results can be correct. Mr. 
Cruise has made many heat determinations of | 
coal and other fuels with the best laboratory 

apparatus that money could buy. His article 
is thus based on practical and personal 

knowledge. 


The oxygen bomb calorimeter is the most satis- 
factory apparatus for determining the heat value of 
coal. Fig. 1 is a diagram of an approved type of 
calorimeter. The coal sample is burned in bomb B, 
which is surrounded by a known weight of water in 
container F. This water is kept in motion by 
stirrers S driven by a motor 
belted to pulley P. The 
container F is surrounded 
by water introduced at H 
and W and circulated by 
motor driven pump N, and 
any excess water is dis- 
charged at D. The tem- 
perature of water inside 
and outside of container F 
is measured by thermome- 
ters T. These thermometers 
are graduated to 1/100 deg. 
cent. and temperatures can 
be estimated to 1/1000 deg. 
cent. The purpose of the outside water jacket is to 
prevent loss of heat that might otherwise be radiated 
from the calorimeter proper which it surrounds. 

Other modifications of this type of calorimeter use 
electric heaters to keep the jacket always at the same 
temperature as the calorimeter proper. In still other 
types the calorimeter is enclosed in a vacuum flask 
to keep the loss of heat at a negligible minimum. In 
the ordinary type of calorimeter the heat lost is 
computed from the rate of temperature drop after the 
temperature has reached its maximum. While 
probably quite as accurate results can thus be ob- 
tained, extreme care is required and the determina- 
tion takes a considerably longer time. 

Fig. 2 illustrates the bomb in detail. A sample of 
one gram of coal, pulverized and air dried, is placed 
in the tray H, and a fine iron wire is connected to the 
terminals D, the loop of the wire extending just 
beneath the surface of the coal. Ifthe wire is located 
too deeply in the fuel there may be an explosive 
effect when the sample ignites and some of the fuel 
may be blown out of the tray, in which case an in- 
correct determination will be the result. A few drops 
of distilled water are put in the bomb to absorb the 
acids formed when the coal is burned. With the 
coal sample and ignition wire in place, the cover of 
the bomb is screwed on securely and the bomb is 
filled with oxygen at a pressure of about 20 atmos- 
pheres. The bomb is then placed in container F, 
Fig. 1, into which is poured two liters of water at 
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about room temperature. . The measurement of this 
water is preferably by weight rather than by volume. 
The water is stirred and the temperature observed, 
and when it becomes constant it is noted as the initial 
temperature. An electric current is then passed 
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Fig. 1—Section through the oxygen bomb calorimeter showing 
thermometers, water connection and drive pulley for stirrers. 


through the ignition wire and the coal in the bomb 
is burned. Heat is communicated to the surrounding 
water in F and as the temperature of this water rises, 
warm water is introduced into the outer chamber at 
H to keep the temperature of the water in that cham- 
ber practically the same as the temperature of the 
water surrounding the bomb. The two temperatures 
should be kept within 1/10 deg. cent. at all times. 
The temperature of the water surrounding the bomb 
is noted at about one minute intervals, readings being 
made until the temperature has become constant. 
This is the final temperature. The difference between 
the initial and the final temperature, when corrected 
for the thermometer constants, is known as the tem- 
perature rise. 

As the bomb, the water and the container are all 
heated by the combustion of the coal, and as these 
parts are made up of a number of materials of varying 
specific heats, the weight of all these parts must be 
represented in the calculations by the weight of an 
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equivalent mass of water. This weight, which is 
called the water equivalent of the calorimeter, is 
best determined by burning a known weight of some 
substance, such as sucrose, naphthaline or benzoic 
acid, the calorific value of which is known, and ob- 
serving the rise of temperature. 

When a sample of coal is burned in the calorimeter, 
heat is generated in the following ways. 


1. By burning of carbon and hydrogen of the coal 
to carbon dioxide and water vapor respectively. 

2. By burning of the sulphur of the coal to form 
SO;. 

3. By burning some of the nitrogen of the air in 
the bomb to form N.O.. 


4. By burning of the iron ignition wire. 


When ordinarily burned in a furnace the sulphur of 
a coal is considered to be burned to SO, instead of 
SO;. Therefore, the heat liberated by item 2 must 
be corrected to correspond to actual furnace con- - 
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Fig. 2—Section of oxygen bomb used in the calorimeter, showing 
coal sample tray and igniting wire 


ditions. Corrections must also be applied for the 
amount of heat generated as in items 3 and 4. All 
of these corrections can be accurately determined by 
simple methods. 

The calorific value of the coal is determined by 
multiplying the water equivalent of the calorimeter 
by the temperature rise. This product is then cor- 
rected for the various factors enumerated above. As 
the usual coal sample is one gram and as the mass of 
the calorimeter and water is usually expressed in 





51 





grams, and the temperature rise in degrees centi- 
grade, the product is the calorific value in calories per 
gram. To convert into B.t.u. per pound, this value 
is multiplied by 1.8, or the ratio of the degree centi- 
grade to the degree fahrenheit. 

It should be noted that all the water vapor formed 
by the combustion of hydrogen of the coal is con- 





wena Ghemmele §. 6 ees 1 gram 
Boom temperature ... . «2 6 0 ts 22 deg. cent. 
Thermometer setting ........ 20 deg. cent. 
NN Sie eas 3, Bee Re Sa 12 cc. 
ot oS ee a ee 1.3 per cent 


OBsERVATIONS OF CALORIMETEk. THERMOMETER 








Time intervals Thermometer reading 
minutes deg. cent. 
l . 186 
2 185 
3 184 
4 .184 initial) 
12 3.415 
13 3.418 
14 3.419 
15 3.419 (Final) 








* CALL temperatures are deg. cent.) 


Thermometer correction at initial temperature —.001 
Thermometer correction at final temperature +.003 


Final temperature, corrected, 3.419 + .003 . 3.422 
Initial temperature, corrected, .184 — .001 . .183 
Temperacure diferente «. 2 ww we 3.239 
Water cquivalane .......... grams 2404 
Gross calories per gram, 2404 X 3.239 = 7786 
Corrections, 
by titration —12 
by sulphur —17 
by iron wire —12 
RE ec, bth beebaiine 67 — 41 
Nes calories SOF @YAM 3 ...55 2 cis sss 7745 
Bt. getib:, #709 KR UBe 2... es 13941 











densed in the calorimeter bomb and its latent heat of 
vaporization is therefore included in the heat of 
combustion as determined. This heat value is there- 
fore called the gross calorific value to differentiate it 
from the net calorific value which is the heat value 








corrected for this heat of vaporization. In America, 
the gross calorific value is used in heat balance 
calculations and the latent heat of vaporization of 
the water formed by burning hydrogen is included in 
the boiler losses. The European practice is to use the 
net calorific value, on the ground that the heat of 
vaporization of this water is not available to the 
boiler. 

When using the net calorific value in computing 
boiler performance, the efficiency figure will be about 
314 per cent higher than if the gross calorific value 
had been used. This approximate difference must be 
kept in mind when comparing efficiency values ob- 
tained by European and American methods of boiler 
testing. 

A laboratory work sheet showing a sample set of 
observations and calculations for calorific value of a 
coal sample is given in the table at the left. 

As the final sample which is actually burned in the 
calorimeter to determine the heat value of a fuel is 
only 1 gram,—about one-half of a thimble full—it 
is evident that the greatest care is necessary in the 
sampling of the coal. The proper procedure for that 
part of the sampling that takes place outside of the 
laboratory is described in Bulletin 116, U. S. Bureau 
of Mines. The method is laborious but must be fol- 
lowed in detail if accurate results are expected 
There is no ‘‘royal road’’ for sampling. 

The sample as received by the laboratory consists 
of about 5 lb. of coal, about 4 to 6 mesh in size. This 
sample must be air dried in the laboratory before it 
can be handled as otherwise the loss in moisture or 
handling would introduce a serious error. 

After air drying the sample is crushed to 10 mesh 
and is reduced in size by successive quartering until a 
sample of 200 grams or about 14 lb. is obtained. This 
sample is then ground, usually in a pebble mill until 
it will pass through a 60 mesh screen. All the lab- 
oratory determinations are made on this 60 mesh 
sample. 

As this 60 mesh sample is only partially dried, a 
moisture determination must be made in order that 
the results obtained may be computed to a dry basis. 
From the dry basis the results may be computed to 
the ‘‘as received’’ basis which is the analysis of the 
sample in the conditions in which it was received by 
the laboratory. 

A sample computation is given in table below. 





Sample as received 
After air drying 


Air drying loss 
Moisture in air dried sample 
Total moisture = 4.4 + 1.2 (1.0-.044) = 
B.c.u. — ais deiodgamephe . o.oo) be ie eee 
B.t.u. — dry sample = 13941 + (100-1.2 
B.t.u. ‘‘as received’’ = 14120 X (100-5.5 


) = 


wn 





io. ee fe we ee ee Me a es i ee Pe ee 


ine biaw acer ee & 1028.8 grams 

Gm Ma ee a 983.5 grams 

ik et eo ae ee 45.3 grams = 4.4 per cent 
Pet OAL pit me ree. a" 1.2 per cent 
ithe wine Ea Dt as I aS 5.55 per cent 
lees ice Behrens abel eee eneen 13941 B.t.u. 
ery entree ORE Leer E ne tien ees | 14110 B.t.u. 

RET ce ao at eee aE 13327 B.t.u. 
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NEWS -: 


A. S. M. E. Annual Meeting 


The fiftieth Annual Meeting of the American 
Society of Mechanical Engineers will be held Decem- 
ber 2nd to 6th inclusive. The technical sessions will 
be held as usual in the Engineering Building, 29 
West 39th Street, New York City. 

A large number of papers will be presented em- 
bracing all branches of engineering activity. 

The following abridged program includes those 
papers which are of particular interest to the fields 
of fuel utilization and steam generation. 











MONDAY, DECEMBER 2 
9:30 A.M 
Simultaneous Sessions on 
Hydraulic Power 
Power—Steam or Hydro or Both, WM. W. TEFFT 
Applied Mechanics 


Factor of Safety and Working Stress, 
C. RICHARD SODERBERG 


Power Test Codes Public Hearing 
Test Code for Liquid Fuels 
2:15 P.M.—Conference of Local Sections’ Delegates 


TUESDAY, DECEMBER 3 


9:30 A.M.—Conference of Local Sections’ Delegates 
Simultaneous Sessions on 
Fuels 
Soot Particles in New York City Air, E. E. FREE 
Progress Report of Fuels Division 
Materials Handling 


The Application of Aerial Tramways to Long 
and Short Hauls, M. P. Morrison 


Progress Report of Materials Handling Division 
Applied Mechanics 


The State of Stress in Full Heads of 
Pressure Vessels, W. M. COATES 


WEDNESDAY, DECEMBER 4 


9:30 A.M.—Simultaneous Sessions on 
Use of Engineering Literature 


What the Engineering Societies Library Does 
for Engineers, HARRISON W. CRAVER 


The Value of Engineering Periodical 
Literature, J. E. HANNUM 
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Department Management 


Management of Service Department, Budgeting 
and Wage Incentive Applied to a large 
Organization, WILLIAM B. FERGUSON and 
Tom H. Bia 


Lubrication—Jointly with Machine-Shop Practice - 
Division 
Performance of Oil Ring Bearings, 
GEORGE B. KARELITZ 


The Service Characteristics of Diesel Engine 
Lubricating Oil, A. E. FLowers and 
M. A. DIETRICH 


2:00 P.M.—Simultaneous Sessions on 


Education and Training for the Industries of 
Non-College Type 


Report on the Study of Non-College Technical 
Education, W. E. WICKENDEN 


Suggestions for Encouraging Education and 
Training for Industry, H. S. FALK 


Steam Tables Research 
6:30 P.M.—Annual Dinner, Hotel Astor 


THURSDAY, DECEMBER 5 


9:30 A.M.—Simultaneous Sessions on 
Central-Station Power 
Progress Report of Power Division 


The Effect of Large Boilers Operated at 

High Capacities on the Operating Charac- 

teristics and Investment Costs of Boiler 
Plants, F. S. CLARK 


Performance of Modern Steam Generating 
Units, C. F. HirsHFELD and G. U. MorAN 


Railroad 
High Pressure Locomotives, A. F. STUEBING 
Progress Report of Railroad Division 
2:00 P.M.—Simultaneous Sessions 


Railroad 


Heat Transfer in the Locomotive Superheater, 
LAWFORD H. Fry 


General 


Working Stresses for Steel at High 
Temperatures, D. S. JAcoBUS 


Symposium on the Application of Geometrical 
Similarity and Dimensional Analysis in Fluid 
Flow 


‘Quantity-Rate Fluid Meters, Ep. S. SMITH, JR. 


Similarity: Limitations in Tts Application to 
Fluid Flow, J. M. SPrrzGLass 


The Flow of Fluids Through Orifices in 6 in. 
Pipe, S. R. BEITLER and PAUL BUCHER 


Reports of the Sub-Committees of the Fluid 
Meter Committee 


FRIDAY, DECEMBER 6 
Boiler Feedwater Studies 


9:30 A.M.—Recent Instances of Embrittlement in Steam 
Boilers, FREDERICK G. STRAUB 
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Power Plant Session A.I.E.E. 
Meeting at Chicago 


HE Great Lakes district meeting of the Ameri- 

can Institute of Electrical Engineers will be held 
December 2 to December 4 at the Drake Hotel, 
Chicago. 

The program of the power plant session includes 
the following papers: 

“The Future of Higher Steam Pressures,’’ by I. E. 
Moultrop; ‘“‘Double Windings for Turbine Alter- 
nators,’’ by P. L. Alger, E. H. Freiburghouse and 
D. D. Chase; ‘Increased Voltages for Synchronous 
Machines,’’ by C. M. Laffoon; ‘A 40,000 kw. Vari- 
able-Ratio Frequency Converter,’’ by E. S. Bundy, 
A. Van Niekirk and W. H. Rodgers; ‘‘Use and De- 
sign of Fault Ground Bus,’’ by R. M. Stanley and 
F. C. Hornibrook. 





National Power Show 
New York, December 2-7 


OR the eighth consecutive year, the National 

Power and Mechanical Engineering Exposition, 
more familiarly known as the National Power Show 
will be held at Grand Central Palace, New York 
City. The show will extend over the entire week 
of December 2. 

Three floors of exhibits, covering 130,000 sq. ft. 
of area will include a wide range of equipment— 
from fuels and combustion apparatus to displays 
covering power transmission and application, ma- 
chinery, materials, belts and belting equipment, in- 
struments, tools and supplies, heating and venti- 
lating, refrigeration and material handling devices. 

Rapid strides in the power and engineering indus- 


try abroad in recent years is evidenced by an in- 


creased demand for American equipment. In view 
of this foreign interest and the fact that 1,118 execu- 
tives and government officials representing 109 towns 
and cities in 36 foreign countries registered at the 
last National Power Show a special ‘‘Export Day”’ 
will be set aside. 

The latest developments in the application of 
power in the process industries will be shown at the 
National Power Show. Numerous exhibits will 
relate to power generation, distribution and utili- 
zation and there will be exhibits of various control 
and recording instruments of modern heating and 
ventilating apparatus. 





Harry H. Hunt has been elected chairman of the 
board of directors of Stone and Webster Service Cor- 
poration. George H. Clifford, who has been asso- 
ciated with the Stone & Webster organization for 
28 years, succeeds Mr. Hunt as president. 
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John A. Stevens Dies 


John a. Stevens, Consulting Engineer, died at his 
home at Lowell, Mass., November 18, at the age 
of 61 years. He was one of the best known engineers 
in America. During the world war he was standard- 
ization engineer for the Shipping Board and for the 
past twenty years, he had served as chairman of the 
committee appointed by the American Society of 
Mechanical Engineers for the purpose of prepar ng 
a standard boiler code. 

Mr. Stevens had a number of important inventions 
to his credit and had received many honors for his 
outstanding work in engineering. 





Gasoline to be Transported 
by Pipe Lines 


N innovation in the transportation of gasoline, 
by using pipe lines instead of tank cars and 
tank wagons, is being initiated by the Standard Oil 
Company of New Jersey and Pennsylvania, at present 
controlled and operated by its subsidiary, the Tus- 
carora Oil Company. 

This departure in gasoline transporting methods, 
according to authoritative opinions in the oil indus- 
try, may result in widespread changes in pipe line 
operation throughout the country, involving large 
new construction projects of gasoline pipe lines. 

The chief significance of the new line, however, 
is stated to be in connection with savings in trans- 
portation costs. The tariffs for the carriage of gaso- 
line through the line, as filed with and approved by 
the Interstate Commerce Commission, indicate that 
from 15 to 25 cents a barrel will be saved in the trans- 
mission of gasoline from the Bayway refineries to 
points in Jersey and Pennsylvania, compared with 
railroad rates, dependent on the length of the flow. 





The Prat-Daniel Corporation of New York has 
announced that arrangements have been made where- 
by Thermix Air Heaters for boiler service will be 
sold exclusively by the Babcock & Wilcox Company. 
The Prat-Daniel Corporation will continue to supply 
Thermix Air Heaters for all other applications. 





The Dampney Company of America, Hyde Park, 
Boston, Mass., manufacturers of APEXIOR Protec- 
tive Coatings for power plant equipment, announces 
the opening of a direct Factory Branch Office in the 
Bourse Building, Philadelphia. C. J. Hunter, who 
has represented the Dampney Company in the Phila- 
delphia District for the past three years, will con- 
tinue as Branch Manager. 
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Acid Proof Cement 


A new booklet describes the uses of 
Quigley Acid Proof Cement which is used 
for bonding and patching acid proof masonry 
in many industries. The cement is ready 
mixed, easily used and withstands tempera- 
tures up to 2,400 deg. fahr. It is used in 
steam plant practice for laying up ash pit 
linings, chimney linings, flue linings and in 
waste heat boiler applications where acid 
gases are encountered. 24 pages, 314x614 
—Quigley Furnace Specialties Co., 56 West 
45th St., New York. 


Ash Conveyors 


The Hagan Steam Jet Ash Conveyor is 
illustrated and described in a new bulletin. 
Three sizes are available. The 8 in. diameter 
has a guaranteed capacity of 5 tons of dry 
ash per hour and is commonly used for 
stoker fired or large hand fired boilers. The 
6 in. conveyor has a capacity of 314 tons 
per hour and is used for handling ash from 
pulverized fuel fired boilers and from small 
stoker and hand fired units. The 4 in. con- 
veyor is applicable for handling soot. The 
salient features of the Hagan conveyor are 
illustrated by line drawings. A description 
of the Hagan Hollow Tile Ash Tank is in- 


cluded. 6 pages, 81 x 11—George J. Hagan, 


Company, Pittsburgh, Pa. 


Coal—Purchasing 


“Purchasing Coal for Isolated Steam 
Plants” is the subject of a reprint by H. O. 
Swoboda, Inc., Consulting Engineer. The 
booklet is the result of an investigation 
based on actual tests conducted in a steam 
plant and describes the adjustment of the 
plant operation to the grade of coal pur- 
chased. 14 pages and cover, 414 x 7— H. O. 
Swoboda, Inc.. 3400 Forbes Street, Pitts- 
burgh, Pa. 


Control Equipment and Meters 


Bulletin No. 12, briefly describes all the 
products of the Bailey Meter Company, com- 
ptizing automatic control equipment, meters, 
gages, tachometers and other steam plant in- 
struments. 15 illustrations are included to 
show the details and application of the vari- 
ous apparatus. 4 pages, 8x 1014. 

Another new bulletin, No. 110 illustrates 
and describes Bailey Selsyn operated devices 
for remote indication and record of liquid 
level, flow, pressure, temperature, draft, posi- 
tion and other factors. Indications and rec- 
ords may be transmitted over distances 
varying from a few feet to several miles. 
The system has many applications in con- 
nection with remote control. 12 pages, 8x 
— Meter Company, Cleveland, 

io. 


Flexible Coupling 


_ The Poole Flexible Coupling is presented 
in an attractive new booklet, “Flexible Cou- 
plings.” Engineers and operating men in gen- 
eral, recognize the advantages of using Flex- 
ible Couplings on all direct connected ma- 
chinery. Even when the drive shaft and the 
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NEW CATALOGS AND BULLETINS 


Any of the following literature will be sent to you upon request. Address your 
request direct to the manufacturer and mention COMBUSTION Magazine 


driven shaft can be perfectly aligned, there 
is no assurance that they will remain so. In 
addition, provision must usually be made for 
free lateral float, particularly with electrical 
or gear drive. The Poole all-metal Flexible 
Coupling is described in detail and numerous 
application arrangements are illustrated. 36 
pages and cover, 6x 9—The Poole Engineer- 
ing and Machine Co., Baltimore, Md. 


Forged Steel Unions 


Catawissa Unions are hot forged from 
solid rectangular bars. The standard unions 
are used for hydraulic pressures up to 2,000 
lb. and for steam pressures up to 500 Ib. per 
sq. in. The extra heavy unions are good for 
6,000 lb. hydraulic pressures and for any 
pressure or temperature at which steam is 
used. Complete specifications of both types 
are included in a recent folder. 4 pages, 
814x11—The Central Forging Company, 
Catawissa, Pa. 


Furnace Arches and Walls 


Three new bulletins describe the Bigelow 
Suspended Furnace Wall, the Bigelow Sus- 
pended Arch and the Bigelow Suspended 
Arch for Industrial Furnaces. The bulletins 
are attractively printed in colors and illustrate 
and describe both the details of construction 
and the application to various types of fur- 
naces. 8 pages each, 814 x 11—Bigelow- 
Liptac Corporation, Detroit, Mich. 


Headers—High Pressure 


Kellogg forge and hammer welded headers 
are illustrated and described in a new bul- 
letin. Radiographs, macrographs, X-Ray pho- 
tographs and photographs of etched sections 
are presented to emphasize the greater uni- 
formity of metal section of forge and hammer 
welded construction as compared with cast 
steel. Typical high pressure headers are il- 
lustrated and described in detail. 12 pages, 
814x11—The M. W. Kellogg Co., 225 
Broadway, New York. 


Liquid Meter 


The Xacto Meter, recently placed on the 
market, is presented in a new folder. This 
meter is designed for precision measurement 
of liquids in a pipeline by positive volumetric 
displacement. The principle of operation is 
described in detail and six photographs are re- 
produced to show typical applications in 
widely diversified fields. 6 pages, 814 x11 
—S. F. Bowser & Company, Fort Wayne, 
Indiana. 


Plastic Refractories 


Ironton Nojoint is a plastic refractory and 
is used both for complete monolithic furnace 
linings and for quick furnace repairs. No- 
joint is described as a blend of the best nat- 
ural refractory clays. It is shipped in drums 
in plastic form and is applied [ cutting into 


chunks with a trowel and then pounding 
them into place with a mallet. 8 ‘pages, 314 
x 614. A new folder presenting the various 
gtades of Ironton Fire Brick, is also available. 


4 pages, 814x11—The Ironton Fire Brick 
Company, Ironton, Ohio. 


Protective Boiler Coating 


Bulletins 1180 and 1181 describe methods 
recently used on boilers—totaling more than 
200,000 hp.—to free the water and steam 
surfaces from mill-scale, so that Apexior Pro- 
tective Coatings could be easily applied to 
the surfaces in the field, after erection work 
was completed. Including water wall and 
economizer surface, these reports cover over 
3,000,000 square feet Apexiorized. Steam 
pressures ranged from 300 Ib. to 1,800 lb. 
with temperatures up to 640 deg. fahr. 4 
pages each, 814 x11—The Dampney Com- 
pany of America, Hyde Park, Boston, Mass. 


Stoker 


The C-E Multiple Retort Underfeed Stoker 
is described in a new catalog, M-R 2. The 
salient features of design are fully described 
and the liberal use of detail illustrations 
leads to a ready understanding of the prin- 
ciples of design and method of operation. 
Numerous line drawings are reproduced to 
show the application of this stoker to differ- 
ent types of boilers and furnace arrangements. 
48 pages, 814 x 11—Combustion Engineering 
Corporation, 200 Madison Ave., New York. 


Vacuum Cleaners 


Portable Vacuum Cleaners, 
Heavy Duty Types, are covered by Catalog 
367. This line of cleaners is particularly 
applicable to industrial use and recent instal- 
lations include cement mills, chemical plants, 
power plants, pulverized coal plants and gen- 
eral factory cleaning. A 50 foot section of 
reinforced rubber hose gives a wide working 
area without moving the apparatus. 8 pages, 
84 x 11—B. F. Sturtevant Company, Hyde 
Park, Boston, Mass. 


Sturtevant 


Welding Equipment 


The 300 ampere Lincoln “Stable Arc’ 
Welder is built in six different designs— 
A.C. motor drive, D.C. motor drive, Gaso- 
line Engine Drive and belt drive. Both 
stationary platform type and portable truck 
type are available for the motor driven 
welders. New specification sheets have just 
been issued describing each design in detail. 
Six separate specifications each 4 pages, 814 
x11—The Lincoln Electric Co., Coit Road 
and Kirby Ave., Cleveland, Ohio. 


¢ 


Welded Piping 


“Design Standards for Oxweld Steel and 
Wrought Iron Piping” is the subject of a 
comprehensive little handbook—the first of a 
seri esigned to furnish information on 
fundamental designs and practices used in the 
oxy-acetylene welding of steel and wrought 
iron pipe. The book is profusely illustrated 
with line drawings of welded piping and an 
appendix presents tables of information and 
established standards for piping construction. 
68 pages and cover, 6x9—The Linde Air 
Products Co., 30 East 42nd Street, New York. 
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REVIEW OF NEW-TECHNICAL BOOKS 


Any of the books reviewed on this page may be secured through 
In-Ce-Co Publishing Corporation, 200 Madison Avenue, New York 











Steam and Gas Engineering 


By Tuos. E. BuTTerFiELD 


BOUT three-quarters of this book is devoted to 
combustion and steam. The book has been 
written as. a textbook so that each subject has a 
brief elementary introduction giving the necessary 
definitions and derivation of formulas. It has been 
the author's special endeavor to express the functions 
of plant operation and of equipment in simple treat- 
ments rather than in complex algebraic formulas. 

The knowledge of physics and chemistry as well 
as the usual engineering mathematics has been pre- 
supposed by the author. The subject of thermody- 
namics has been elucidated as it is the backbone of 
the subjects embraced. 

The book is well illustrated and the chapter defini- 
tions form almost all the indexing that is needed. 
At the end of each chapter there is a comprehensive 
bibliography that will enable the student to acquaint 
himself with the various authorities in this field. 

The book is about 614 x 914 and is bound in cloth 
covers. The price is $4.50. 





Evaporating, Condensing and 
Cooling Apparatus 


By E. Hauspranp and A. C. Wricut 
Revised by Bast Heasti£ 


HIS book is a very complete discussion of the 

calculations involved in connection with the 
equipment covered by its title. It is particularly a 
book for the student in these subjects since it goes 
exhaustively into the scientific side of the subject. 
The reader will find the most minute and detailed 
items of operating functions thoroughly analyzed 
and explained. It may well constitute an important 
reference on this subject. 

The numerous tables of the various quantities in- 
volved will be extremely useful to the designer or 
research engineer. 

The book was originally written in German and 
after it came to a second edition was translated into 
English. The present volume is the fourth English 
edition which has been revised so as to be thoroughly 
up to date. The arrangement of text, the indexing 
and the very careful use of symbols and contractions 
greatly aid in locating desired information. 

The book comprises some 468 pages, is 6 x 834 size. 
Its price is $8.00. 
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Internal Combustion Engines 


By Rosert L. STREETER and 
Lester Ciype Licuty 


HIS book will be of special value to those who 

desire to acquaint themselves with the theory 
and design of internal combustion engines. The 
subject matter expresses equally well the modern gas 
engines and modern automobile and air craft engines. 
The work has recently been brought thoroughly up 
to date so that the reader will have at command an 
exposition of the latest theory and concepts of the 
engineering principles in this field. 

The first part of the book covers the thermody- 
namics involved as well as the composition and be- 
haviour of the various fuels used in internal combus- 
tion engines. There next follows a thorough dis- 
cussion of the mechanism employed as standard 
practice for this general type of prime mover. 

Finally, the reader is led to design study the com- 
pleteness of which may be judged from the fact that 
this division occupies some five chapters covering 
about 120 pages. 

There is a comprehensive treatment of the theoreti- 
cal aspect of internal combustion engines including 
derivation of formulas and numerous examples which 
are worked out for illustration. In addition to this 
at the end of each chapter are a number of exercises 
for student use in order to consolidate the informa- 
tion acquired, The book is thus essentially a text- 
book written in the best style and used in teaching. 

It is about 6 x 9 in size with cloth covers and is 
priced at $4.00. 





Coal Washin g I nvestigations 
Methods and Tests 


HIS is the title of Bulletin No. 300 lately issued 
by the Bureau of Mines, U. S. Department of 
Commerce. The bulletin describes with the Depart- 
ment’s customary thoroughness, the advantages of 
washing coal and the methods of coal washing that 
have been tried out. The relation of washing to 


removal of ash and removal of sulphur is thoroughly 
discussed as well as the influence of the size of fine 
coal. As may be expected, the research covers many 
coals from various districts of the United States. 

The authors of the bulletin are H. F. Yancey and 
Thomas Fraser and the bulletin may be obtained from 
the Department of Commerce for soc. 





COMBUSTION — December 1929 
























Let the Cochrane Steam 
Purifier be the Dry 
Drum of Your Boiler 























6 we Cochrane Purifier is installed in the piping 
between the steam drum and the superheater. It 
affords extra steam space and does not impair the 
capacity of the steam drum to care for fluctuations in 
water volume due to changes in rate of driving, nor its 
capacity to effect primary separation. 


The Purifier keeps water and sludge away from tur- 
bine blades, superheater tubes and valves. 


The full superheating effect is obtained without trouble 
from filling up and burning of superheater tubes. 


Valves and turbine buckets are protected against 
clogging and erosion. 


The boilers can be operated at higher concentration, 
that is, with less blow down and less loss of heat. 


Now Cochrane Steam Purifiers do just these things— 
and they are guaranteed to do them. 


The Cochrane Discharger provides an ample drain- 
age system which will take care of the heaviest slugs 
of water that commercial boilers can throw out. 


Ask for Cochrane Bulletin IC-677 


] COCH RANE CORPORATION | 


3160 North 17th St., Philadelphia, Pa. 


450 
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A GOOD BOOK 





is a useful and appropriate 


hristmas Gitt 





‘The books described below and those listed in the column opposite are 
especially recommended as Christmas gifts for engineers because they are 
recognized as authoritative treatments of the subjects covered. 


1. FUELS AND THEIR COMBUSTION 
By Haslam and Russell 


This book is intended to meet the needs of 
men using fuel in industry. It covers the 
natural fuelse—coal, petroleum and natural 
gas—as well as the manufactured fuels—pro- 
ducer, water, oil and coal gas. Chapters are 
devoted to combustion equipment of the vari- 
ous types now on the market, and to the 
chemical aspects of combustion with respect to 
the different fuels covered. Three chapters deal 
with air and gas flow, and heat transfer. 
Price, $7.50. 


2. MECHANICAL EQUIPMENT OF 
BUILDINGS, VOL. 1. 


By L. A. Harding and A. C. Willard 


This volume is now in its second edition. 
As a reference book it will be of the utmost 
value to those who have occasion to refer 
to the vast variety of technical matters in- 
volved in heating and _ ventilating. The 
ee and physical aspects of steam, 
water, fuels are thoroughly discussed, 
and cxaupies are used to illustrate a variety 
of typical problems. The methods and ap- 
paratus for all the modern forms of heating 
are ou adequately treated. 950 pages. Price, 


3. HANDBOOK OF CHEMISTRY AND 
PHYSICS 


By C. D. Hodgman and N. A. Lange 


This book is replete with specific information 
regarding the chemical and physical character- 
istics of both the simple = the —— 
materials of the mechanic 

inorganic compounds are atanetielier listed, 
with details of solubility, boiler and melting 
points, specific gravity, etc. Tables of the 
property of matter are included covering 
density, compressibility, viscosity, expansion 
specific heat, ete. There is also a listing of 
the principal SS formulas required 


in chemical and physical research. This is an 
oer Pe e reference book. 1,200 pages. 
ce, .00. 


Send your order on the coupon below, indicating the numbers of the books you 


select opposite the names and addresses of the individuals to whom they are to be 


4. STEAM POWER PLANT 
ENGINEERING 


By G. F. Gebhardt 


One of the truly standard reference books on 
mechanical engineering. It i ; 
the equipment of everyone who has to do with 
steam-power plant engineering. Price, $6.00. 


5. HEAT TRANSMISSION IN 
BOILERS, CONDENSERS AND 
EVAPORATORS 


By R. Royds 


This book demonstrates the practical applica- 


tion of the laws of heat 


commercial equipment. 
various designs of boilers, condensers and 
evaporators is thoroughly analyzed and com- 
parisons are made between the various types. 
For the engineer concerned with problems in- 
volving design and use of such equipment, this 
should valuable book. 
Price, $6.00 


6. MATERIALS HANDBOOK 
By G. S. Brady 


It is entirely safe to 
book is going to be conmaied 5 


every person who has access to 


complete compilation of the materials used 


generally in the manufact Every 

engineer should have a y oft this useful 

book. 428 pages. Price, “34. 00. 

7. MECHANICAL ENGINEERS’ 
HANDBOOK 


“Kent” is more than a book, it is a complete 


library of engineering practice. The 1 
edition contains 2,247 pages—over 50% % aoe 
ous edition. fact, 


matter than the 
it is now the > - 
gineering treatises. Price, $6.00. 
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Recently granted, and of Interest to our Readers. 


Printed copies of Patents are furnished by the Patent Office at 10 cents each. 
Address the Commissioner of Patents, Washington, D. C. 





UNITED STATES PATENTS 
Issued October 15, 1929 


1,731,427. Boiler Furnace. George T. 
Ladd, Pittsburgh, Pa., assignor to Ladd Water 
Tube Boiler Company, New York, N. Y., a 
Corporation of Delaware. Filed March 26, 
1926. 

1,731,428. Boiler Furnace. Edwin Lund- 
gren, Frederick, Md., assignor to International 
Combustion Engineering Corporation, New 
York, N. Y., a Corporation of Delaware. 
Filed December 8, 1925. 

1,731,446. Boiler Furnace. John Van 
Brunt, Flushing, N. Y., assignor to Interna- 
tional Combustion Engineering Corporation, 
New York, N. Y., a Corporation of Dela- 
ware. Filed December 1, 1925. 

1,831,447. Transporter. William H. 
Vogel, Highland Park, Ill., assignor to In- 
ternational Combustion Engineering Corpo- 
ration, New York, N. Y., a Corporation of 
Delaware. Filed June 16, 1927. 

1,731,448. Boiler Construction. Arthur 
V. Adamson, Hempstead, N. Y., assignor to 
Combustiog Engineering Corporation, a Cor. 
poration of New York. Filed January 20, 
1925. 

1,731,455. Transporter. Leif Eric De 
Neergaard, Chicago, IIl., assignor to Inter- 
national Combustion Engineering Corporation, 
a Corporation of Delaware. Filed January 
16, 1928. 

1,731,458. Steam Power Plant. Charles 
A. French, Columbus, Ohio, assignor to 
Farmers National Bank, Greenville, Ohio, a 
Corporation of Ohio. Filed May 26, 1923. 

1,731,526. Automatic Water Softener. 
Charles P. Eisenhauer, Dayton, Ohio, assignor 
to The Duro Company, Dayton, Ohio. Filed 
October 12, 1925. 

1,731,577. Boiler. Walter M. Keenan, 
New York, N. Y., assignor to Thomas E. 
Murray, Brooklyn, N. Y. Filed Sept. 26, 
1927. 

1,731,646. Boiler-Flue Cleaner. William 
Thomas Archer, Los Angeles, Calif., assignor 
in part to James H. Ferrill, Thomas A. Rey- 
nolds and L. G. Allaire. Filed Feb. 23, 1927. 

1,731,649. Dual Feed-Pulverizing Appa- 
ratus. Fred H. Daniels, Worcester, Mass., 
assignor to Riley Stoker Corporation, Wor- 
cester, Mass., .a Corporation of Massachu- 
setts. Filed Nov. 6, 1926, 

1,731,771. Stoker. Robert A. Foresman, 
Moores, Pa., assignor to Westinghouse Elec- 
tric & Manufacturing Company, a Corpora- 
tion of Pennsylvania. Filed Nov. 11, 1926. 

1,731,788. Grinding Mill. Charles E. 
Needham, Allentown, Pa., assignor to Beth- 
lehem Foundry & Machine Company, a Cor- 
na of Pennsylvania. Filed Oct. 31, 

7 y 

1,731,842. Air Preheater for Boiler In- 
stallations. Charles W. E. Clarke, New 
York, N. Y. Filed Feb. 20, 1923. 

1,731,901. Furnace. Robert Malvos, 
Chartres, and Marcellin Crozemarie, Dreux, 


France. Filed Nov. 14, 1924 and in France 
Nov. 11, 1923. 
1,731,957. Boiler Construction. Gus- 


tave Welter, New Haven, Conn., assignor to 
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The Bigelow Company, New Haven, Conn., 
a algae of Connecticut. Filed June 28, 
1926. 

1,732,137. Furnace. George Naismith 
and Donald M. Naismith, Pittsburgh, Pa. 
Filed Dec. 12, 1927. 

1,732,138. Furnace. George Naismith 
and Donald M. Naismith, Pittsburgh, Pa. 
Filed Dec. 19, 1927. 


Issued October 22, 1929 


17,464. | Water-Tube Boiler. Alfred C. 
Danks, Cleveland, Ohio, assignor of one-half 
to Kingsley L. Martin, Montclair, N. J. Filed 
Aug. 3, 1929. 

1,732,219. Production of Hydrocarbons 
from Oil Shale. August P. Bjerregaard, Ok- 
mulgee, Okla., assignor to Doherty Research 
Company, New York, N. Y., a Corporation 
of Delaware. Filed Nov. 18, 1924. 

1,732,304. Locomotive Boiler. Charles 
Gilbert Hawley, Chicago, IIl., assignor to 
Locomotive Firebox Company, Chicago, IIl., a 
Corporation of Delaware. Filed May 13, 


1922. 
1,732,306. Protection for Soot-Blowing 
Elements. Howard J. Kerr, El Mora, N. J., 


assignor to the Babcock & Wilcox Company, 
Bayonne, N. J. Filed June 27, 1924. 
1,732,395. Method of Superheating Steam. 
John E. Bell, deceased, Brooklyn, N. Y., by 
Lola R. Bell, executrix, Brooklyn, N. Y., as- 
signor to Foster Wheeler Corporation, New 
York, N. Y. Original application filed — 
26, 1923. Divided and this application filed 


Jan. 23, 1925. 

1,732,412. Combustion Method and Fur- 
nace Combustion Chamber. Charles D. Mon- 
tague, New York, N. Y. Filed June 25, 
1925. 

1,732,428. Steam Generator. John E. 
Bell, New York, N. Y., assignor to Foster 
Wheeler Corporation, New York, N. Y. Filed 
July 22, 1922. 

1,732,429.  Soot-Blowing Provision for 
Fluid-Heating Apparatus. John E. Bell, 
Brooklyn, N. Y., assignor to Foster Wheeler 
Corporation, New York, N. Y. Filed April 
26, 1923. 

1,732,439. Steam Boiler. Hans Gleich- 
mann, Siemensstadt, and Waldemar Stender, 
Berlin-Charlottenburg, Germany, assignors, 
by mesne assignments, to Ruthsaccumulator 
Aktiebolag, Stockholm, Sweden. Filed Mar. 
20, 1924 and in Germany Apr. 27, 1923. 

1,732,514. Furnace Water Wall and Wall 
Element. Arthur Templeton Hunter, Web- 
ster Groves, Mo., assignor to International 
Combustion Engineering Corporation, New 
York, N. Y., a Corporation of Delaware. 
Filed Dec. 16, 1926. 

1,732,515. Method of forming an Ex- 
tension Upon Tubes. Arthur T. Hunter, 
University City, Mo., assignor to International 
Combustion Engineering Corporation, New 
York, N. Y., a Corporation of Delaware. 
Original application filed Dec. 16, 1926. 
Divided and this application filed Sept. 24, 
1928. 

1,732,576. Ash Gate. Frank H. Dunbar, 
Cleveland, Ohio, assignor to The Allen-Sher- 





man-Hoff Company, Philadelphia, Pa. Filed © 
Aug. 15, 1924. 
1,732,587. Steam Power Plant. Charles 


B. Page, and Warren Dean Burton, Evanston, 
and Karl A. Mayr and Raymond E. Wh te, 
Chicago, Ill. Filed July 5, 1927. 

1,732,701. End Disk for Hammer Mills. 


‘James E. Stine, Aldan, Pa., assignor to Penn- 


sylvania Crusher Company, New York, N. Y. 
Filed June 29, 1928. 

1,732,768. Locomotive Boiler. Arthur 
W. Nelson, Park Ridge, Ill., assignor to Loco- 
motive Firebox Company, Chicago, Ill., a 
Corporation of Delaware. Filed June 18, 
1928 

1,732,769. Locomotive Boiler. Arthur 
W. Nelson, Park Ridge, Ill., assignor to Loco- 
motive Firebox Company, Chicago, Ill., a 


Corporation of Delaware. Filed June 18, 
1928, 
1,732,796. | Steam-Boiler-Control System. 


Warren Doble, Berkeley, Calif., assignor to 
Doble Steam Motors Corporation, Wilming- 
ton, Del., a Corporation of Delaware. Filed 
Nov. 19, 1924. 

1,732,926. Locomotive Stoker. Albert R. 
Chalker and William G. Bailey, Pittsburgh, 
Pa., assignors, by mesne assignments, to the 
Standard Stoker Company, Inc., New York, 
N. Y., a Corporation of Delaware. Filed 
Sept. 30, 1926. 
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1,733,141. Cupola Furnace. Frederick 
A. Stevenson, New York, N. Y., assignor to 
Economy Metal Products Corporation, New 
York, N. Y., a Corporation of New York. 
Original application filed June 29, 1928. 
Divided and this application filed Feb. 26, 
1929. 

1,733,156. Steam-Boiler Furnace. How- 
ard J. Kerr, Westfield, N. J., assignor to The 
Babcock & Wilcox Company, Bayonne, N. J., 
a Corporation of New Jersey. Filed Aug. 19, 
1925. 

1,733,174. Liquid Fuel Burner. Lewis 
T. Wilcox, Peekskill, N. Y., assignor to Wil- 
cox Patents Corporation, Peekskill, N. Y., a 
Corporation of New York. Filed Nov. 23, 
1926. 

1,733,474. Boiler Furnace. John Van 
Brunt, Flushing, N. Y., assignor to Interna- 
tional Combustion Engineering Corporation, a 


Corporation of Delaware. Filed Nov. 3, 
1925. 
1,733,572. Hopper Construction. Frank 


B. Allen, Lower Merion Township, Mont- 
gomery County, Pa., assignor, by mesne as- 
signments, to The Allen-Sherman-Hoff Com- 
pany, Philadelphia, Pa., a Corporation of 
Pennsylvania. Filed Aug. 7, 1924. 
1,733,616. Liquid Level Indicator. Fred- 
eric McNeill, Chicago, Ill., assignor to Boiler 
Room Improvement Co., a Copartnership con- 
sisting of T. W. McNeill and Ira J. Babcock, 
Chicago, Ill. Filed Aug. 23, 1926. 
1,733,644. Water Tube Boiler. Gottlob 
Burkhardt, Herrenalb, Germany, assignor to 
Julius M. Burkhardt, John Fred. Burkhardt, 
and Lance Nicholson, Buffalo, N. Y. Filed 
Jan. 15, 1926 and in Germany Jan. 16, 1925. 


1,733,647. Ignition Burner. Thomas G. 
Coghlan, Elizabeth, N. J. Filed May 9, 
1927. 

1,733,683. Electrically Driven Coal Pul- 


verizer and Fire Feeder. Paul L. Crowe, 
Baltimore, Md. Filed Aug. 13, 1927. 

1,733,746. Automatic Stoker. Cillo Mar- 
tincich, Philadelphia, Pa. Filed July 16, 
1927. 


1,733,792. Combustion Apparatus. John 


Good, Garden City, N. Y., assignor to Good 
Inventions Co., Brooklyn, N. Y., a Corpora- 
tion of New York. Filed Oct. 9, 1917. Re- 
newed July 24, 1924. 


(Continued on page 62) 
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